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^mm>ii i>i fKffw 9r ta^ag^mg » » M ^ ^ U wiy^^^git^ w m^ ac^yi tr 
XitrofMi i« «M of th« aftjor and ••««nti»l oc^Mtita»»t 
•l«a«n%« of l l f«« Froa aa •aolc^leal point of Tiov, a l l 
plants and aooa aioroboo oaii t i t l l l sa Tariottt oxidisod atatoa 
of nitrotaa atoa to t h o l o v o l of amMmla and akine croupa 
whleh axe iJCttioataljr r«apon«ibl« for providing orc^^nlo 
nitjrotma to tha muny hatajrotrofri^io foraa of U f a . Ylrtually 
a l l anlaala and ntmarmia aieroorganisaa oan f u l f i l l thalr 
nitrogaa raqulraaanta only froa axocanoua aupply of orc«aio 
nitrogao. and to a loasar oztant* aaaonia. for they laek tha 
bioehasieal m^9hiM9Jtw for tranaforains tha aora oxidisad 
atatat of inorganio nitrosui to th i s laTal. Mitrogaa playa 
a May rola in high agrioultural produotion* Tha agrievltttral 
ao l la , in ganoral, ara pradoalaaatljr aitr<Nian-dafloiant and 
thay aaa ba aaalioratod by applioation of nitrogaaoua 
fart i l ixara whieh ara aanufaaturad by high-ooat taohnology. 
Eut thair a ^ l i s a t l o a i s . hoDOTar* ^•rf poor. I^is naaoasitatas 
the dsTalopaant of an understanding of faetors whioh ragulata 
thair vptaica and a s s i a i l a t i o n . 
Tha ossantial faaturaa of inorganio nitrogen aetabolisa 
oentar about oxid&ticn-radueticn raaotiona. The nitrc^en 
atoa has a variety of oxidation atatas ranging froa the 
disputed oxidation leTel of plus s ix aa repreaentad by the 
presuaad short half»livad ^C. (I) upto the oxidaticoi level of 
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Biatts thm A* repr«««iit«d t}f amonla (l¥bl« 1 ) . With the 
«zo«ptian of thtt eontrov«r«i«l plus a lz oxidatl<m «t»t«, caeh 
hfts b«<o l«plie«t»d in th« inorsmnlo nitrofttn a t t sbo l i s s of 
«ith«r Intaot orssnisB or oclXofroo pr«pajrfttloiui. How^Ter. 
of a l l th« oxidation atatoa of nitrogan, nitrata, aolacular 
nitrogan and aaaonia ara tha aoat wldaljr diatributad in natitra. 
l«itrosan ia ut i l ixad by l iv ing eal la in a eyol ie proaaaa. 
fiaeantly, tha aoopa of intaraat ia biologleal radttotlon 
of nitrata and othar nitrogenoua oxldaa has broadanad and 
anooapaaaaa tha fellowing old and JMIM araaa of inTaatigatlona. 
(a) Tastlnii na« applioatlona and iaprovad aathods for 
ooloriaatria assay for ona^atap raduotion of nitrata to 
n i t r l ta in eultaraa aa an aid to tazonoaio diagnosla (2 ) . 
(b) Datarainatioo of aMOhaniaaa that control ajrnthaais and 
funotioning of ttw raduotiTa ansyma (3«^)* 
(o) Idantiflaatlon of gasaooa intaraadiatas (5-7)• 
(d) Idantifioati<»i of alaetron donors and organie and 
inorgania otMaponanta of tha alaotr<m tranaport chain 
linkad to raduotion (8-11)• 
(e) XdantifQ^ation* iaoltttion and porlfioation of •nzfrna and 
eytoohr<»aa involvad in tha •arloua raduotiva atapa (12*15)• 
( f ) £ati9B*tion of agriottltttral and aoologioal iapaot of 
nitrata raduotion on biological intaraotion in soi l* 
acwaga and watar (16-19)• 
Haalth hftcards raaultlng froa tha oonauaption of nitrate* 
or n i t r i tas and aeonoisie los@as ara baing eonsldarad (20.21). 
Praaant availabla data applioable to huaana* whathar 
partaialng to owthaaoglobinaaia, nltroaasina formation or 
othar possible aftaotfi of nitrata and n i t r i t e , provide no 
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'^•^^^ '^ ^'•l^mnpP §n^P 9^ ^ ^ U%¥9^^ ft^op 
xidatios 
State 
Ccr«poun4 l y d ra t * 
• 6 ' itrog«n p«roxia«» ilOm ^ernltrout acid, Hjl^-
• 5 ."'Itr-Dgfiis p«iitcMcid«» KgO- i t r l c aeia , ntO-
•4 Kltroifea t«troxidCt i^ g^ -i — 
• 5 itrogen trloacide* Zi^ C- '^ItztHio aold, "Oj 
•2 "itrogeii dioxide 1 I t r i e 'ydroaltrouB aoid« 
oxia«t '^ HgJ^g 
•1 itrogen sK>n xidci ''ypoaitrouB aoldf 
'Citrous oatldt, KgO HgKjOj 
Kltraalde, -^2'^^^ — 
0 Kltrogflm^ K/j — 
-1 lydroxylanint, ifU' 'f 
— 
• 2 Hydmsiatt -'^^^'tg — 
-3 /4'-tK»ol«, !.1I, 
— 
basis for slsra <20,ai)« tmt wmmw ottisrs hold mn opposits TISW. 
Th« lit«r«t«rs jr«Tisw«<l la this Ch»9t«r 4«sl.s B»lnl]r with 
studies OG aitrsts r«du«%«««s from bRCteris, tvaagi and highsr 
plants. Mo attsapt )ws bssa aad« to oorsr'axhaastlTsIjr all 
tha aspacts of nltjrata radaotlon. Znsta«d» tha aaphasls has 
bo«a plaoad oa thoea aspaets (parlfloatlea aad oharaotarisatloa) 
vhieh fora tha suhjaat aattar of this thaals and also thosa 
whara substantial progjrass has baaa aada ia raoant 7«ars. Tha 
r«Yla«s pttbliahad by varlotts authors (22->28) <m this svbjaat 
wars of eraat hslp In arltlnit this Chaptar* 
fhe biological raduotion of nitrata to nitrita oeoars 
in baotaria, funfi* algao, highar plants and avsn in anlaal 
tis£)uas. A niiabftr of elaasifieatioas hava baan proposad for 
various typas of nitrata raductioa (23#29*32) but nona has 
baan found satisfaatory. J«uiaa (33) sutSMitad five 
oataftorias aecordin^ to tha products of tha raaation* vharaas 
VarhosTaa (29) diffaraatiatad batwasn thraa typas of nitrata 
raduetion* thusi (a) *s«siailatioa* in ahieh nitrata is 
raduead only for tha alaboratioa of tha aitrocaneus oall 
•atarials, (b) "incidantal dissiailaticii" in Nhich nitrata 
acts as a noa-assantial hydrogaa aoeaptor* (o) "trua 
dia&iailatioa* in whioh nitrata acts as tha assantial hydrofan 
aeeaptor whioh anablae tha organisa to grow. Aa antiraly 
diffarant olaii^ifioatioa, baaad oa tha funotioa of tha 
oytoehroaa systaa, was giTan by Sato (30)• Ha olassifiad 
nitrata raduoars into thraa oatagoriast (a) whosa eytoohroaas 
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partieip«t« in nitrnt* r<idaotiati| th« eytoohrosss involved, 
hoK«T«r» dlffwr trcm ap«ei«s to spaelfts. Another Isportant 
oh«x«eteri«tio eomnon to this group is th« stroos inhibitory 
AOtion of ojcjrgoB on nitr*t« reduction, (b) Thoco, i^ hoso 
eytoGhroiMS do not partioipato in ultrato roductlon. (o) 
Thoso, that laok eytoehromo*. T*kahA«hi fj^  fj^ . (26) eonsiderod 
nitr«t« roduotlon oot (1) nltr&to r«spir«tlo»» (2) nitroto 
ji0siailiitl(»i and (3) nltrato farzsantatlon. as illustratod in 
Tabla 2. Mowevart it is noM known that obligf^ ta anaorobos 
oan also »ynth«slza eytoohroaas (3^37)* Omrrnt and Naacm (38) 
and Solononson and Vannaaland (39) have ooncluded that tho 
distinction bat«a«n assiallatory and rs^plratory nitrate 
reduction oannot be aade on the basis of the presence of 
ar>s«ace of a eytochroae. 
Pewson and lioholas (<M>) and ^son {2^) prop<»ed that 
nitrate reduction can beat be distinsoished into two aajor 
t/pest (a) nitrate assiailatlob, in ^ hich nitrate a/>d its 
reduction products are reduced to aawonia for tim bioayxithesls 
of nitrogea containing ooaponents* and (b) nitrate respiration 
or dissialXatlon in which nitrate aiid/or its reduction products 
»erTe(s) as th« terainal electron acceptors in place of oxygen* 
usiuilly under anaerobic or partially anaerobic •scnditlons. 
Depending upon the organisa an<l its environment* nitrate oay be 
reduced to nitrite, or* in a series of steps* to acre reduced 
forica of nitrogen. If aoleoular nitrogei'^ * nitric oxide or 
nitrous oxide is the product of nitrate reduction* the process 
is called denltrlfleaticm. The rti^ pir&tori' nitrate reduetlcai 
is Inhibited by oxygen. Because of th^ obvious physiological 






































f •i.p«et«di th@( ultrat« r«8plr«tloit involvse mMtrgy jrl«ldlng 
r«aeti<»u vhieh vanAmr siT«a ooadltlfms *jr« nmcmm»(kty for th« 
groNth and ««ll-b«ln« of th« organlsB. Cne atep reduetlon of 
nltrata and nitrous exida i s lmo»n to support tha groNth of 
Tarioas baetaria (2<>»^1,42). Ho«»aTar, only nitrata raduetlon 
16 rajdortad to be llnkad to oxldativa phosphorylation (43.45). 
fhara ara as yat no reports of oxldt^tlTa ph<MiphoryXatlon 
couplad apaelfloally to nitrous oxlda radnetion (22), 
Kltrata aetabollsa In 4chro|if>b»etar flsoftarl has taan 
studlad In this Laboratory and Is fouiid unlqua in tht»t tha 
product of nitrata aatabollsa Is ajmcmla but both the 
aatabollsK of nitrata and tha forsation of ni tr ta raduct^^sa 
aud n l t r i t a raduetssa ara graatXy inhibited by oxygen (46) . 
Achroaobactar nitrata raduotaca involves tha partieipatlon 
of baetarial eytoohroaa ^cc^ ^n tha aleotron transport chain. 
FurthariBora. the n i t r i t e raductaaa of ^. f iecherl IK i t s e l f a 
heme*oontaining protein (47) . In view of the cytoenrose 
partleipatiOB arid the appararit c<»ipatitl<m by oxygen for the 
electrons in the Gcmvers^ ion of ni trate to n i t r i t e and of n i tr i t e 
to aaaonia, nitrata netabolisK of 2L* f iseheri apparently 
azhibitad the ohar^oteristies of tha respiratory type (30). 
Howavar* slnoa tha product of nitrate reduction in asuscnla, 
i t should belong to the assiai latory type. 
AllliATE HfcDOClAa>E 
Many spaeiee of bacteria are able to reduce nitrate to 
n i t r i t e . The actual agency of this reduction, however. 
re»alne<: obscure unti l Quastal f^ g^, (48) pointed out the 
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•xl8t«iio« Of « spec i f le •nsyiM aotlng on nitrate in resting 
bactsrl*. In 1938*39 !(•«••»ta (49) obtainsd a oel l - fr«« 
prsparfttlon of this •nsya« and pjroposad tha naaa "nltrcita 
raduotaaa* instaad of "nitr'«t««a* «hleh hat toasn prsvloualjr 
used. Depanding upon tha typa of nltrata radactloa oarrlad 
out bjf tha orfanisa* nitrate reductases aan be divided into 
two najor groupat (I) aasiaili^tory nitrate reductase and 
(2) d lss ia i latory or respiratory nitrate reduotasa. 
Piohinotjr (50-53) reported the existenee of two types of 
nitrate reductases, A and 6» in ni trate raduoing bacteria 
Khich di f fer in sose of their properties* particularly in 
their behaviour towards chlorate* Chlorate i s a substrate of 
A and an inhibitor of B. He c lass i f ied nitrate reducing 
bacteria into three grou^ in accordance with their po»89»&ine 
A, B and A and 3 . l i itrate reductase A, in general, belongs 
to the respiratory type and i s aieatbrane-boond• Its formstlon 
i s induced by nitrate and repressed by oxygen. The ensyme E 
(soluble)* depending upon the species* has ase is i latory 
iiiSS^SBSma. mil^» }S%9^9^99^m i^X^nn^^m) o^ respiratory 
(££S!ldejQtJ^ ftat^lf^o^ffPff* Afy9y9l»f n/<^r9PnU*) function 
(53). 
Two types of entyne B are no^ discernible in several 
speoleis of teeter l a . Enzyae B^ i s activated by 1 K Had* 
KCl or CsCl Whereas B^ i s not (5^). A ssparate chlorate-
reducing enxyae* designated enxyae C* which does not reduce 
ni trate , has been reported. 
In ^. eo3,i. nitrate reductase has a miltlfunctiot.al 
eharaoter (30•55)* I t can perfcra slaaltaneously two 
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different typ«8 of nltr«t« netabollsa, nltrat* rDspiratlon 
(an««roblosl«) and Appajrcnt nitrat« aaslallatloB (a«robioe]Ls). 
Th« MUksrobie altr»^« raduotion does not luroeood boyond th« 
nltrlto st*c« and It profoundly rotardod by ozyc«n, rofloctlng 
th« oh»r«otor of nltjr«t« respiration. Howovor* It is not 
kn<^n «heth«r the same nitrate roduotate perforas the t«o 
functions• In Aarobaof r aarofenaa. there is only oae nitrate 
raduotaae which tma a respiratory role un4ar anaarobio 
condition mnA an assiailatory function under aerobic condition 
(52*56)• On the basis of differaneea In faotors r<N|Ulating 
the synthesis of tha encymi that earrias out two differant 
funetione, Van*T Riet f^ ftiL* (57) raised tha possibility of 
tNO different nitrate reduotasea in ^» aeroaenes. In £, 
danitrifioanf, howevar* the axistenee of two nitrate reduetftaea, 
one h»Yine re&piratory BJOA tha othar an assisilatory function* 
has been reportad (58)* 
In additi<Mi* thraa different aolybdenuis-containlng 
ensysea fros anlaeal tissues* nsaely* xanthine oxidass* 
aldehyde oxidase* and xanthine dehydrogenase* sre also kno^n 
to catalyse the reduction of nitrate to nitrite* although 
this i« not oonsiderad to be their primary function (59*^0)• 
iTanova and Pievs (61) have reported that horseradiah 
peroxidase oan also Citalyxe nitrate reduction at a very high 
rate using diethyldithiooarbagwate and sulfite aixture as 
electron dcmor* ISR studies in combination with redox 
titrations have shown that the nitrite oxidase has sooie 
strong similarities* including the presence of solybdenua* 
with the respiratory nitrate reductase of a denitrifying 
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t}AOt*riiuii (62). Ind««d In o«l l - fr«e Besbrane vasic i* 
pir«i^jr»tloiis froB Witrob^otT under anAvrobio eonditlons, 
th« n i t r l t « ozldaa* ean *ot aa nitrat* r«duct«a« when a 
suitabla raduotant auoh aa liADH la praaent (63-65). 
Ona of tha aarliaat Invaetlgationa raportad in 1SK><^  t^ 
Kaatla and EXrow (66) aonai«tad of a detallad and or l t l ea l 
azaolnatitm of potato tubar axtraa% capable of eatal^slng tha 
raduotlon of nitrata to n i t r i t a . Tha &trikitig raaaablanea of 
this tiz^m* aystaa to tha aXdahyda ozidaaa of potato* ttudlad 
isanjr year* latar , by Barnhalm (6?) and BhAgwat (68)• suggeatad 
that tha two a e t l v l t l a s ara oatftlycad by the aaae or closely 
related protalna. I t waa aubaaquantly ahown that tha 
aldehyde oild»ee of anisal tlasua Is a aolybdoflavo-proteln 
(69) which can oatalysa the reduction of nitrate to n i t r i t e , 
a property atributad to aolybdo-preteina in ganeral (7C). 
wu ax^ d Loo (71) reported in 1950 the fraotionation of 
nitrate reduotaae fros aoybean sprouta which a parently u^e 
lactate as an electron donor. The flr^ i^t dafinitiTe 
ezauainatioa of aasioiilatory nitrate reductaae waa reported 
in 1953 froB fteuroaooya (72) and aoybean leaves (73). »nd 
characterised, aa a sulfhydryl atolybdo-FAD-protein. Both FAD 
and Ko were aho«n to function as electron earriera in the 
following aequenee (7^)i 
iiADm ™«^ FAD :> «0 — » MOj 
Oxidation at&tea of molybdenua involved in tha oxidation* 
reduction appear to be 45 and ^6 (7^*75)• 
u 
Th« work of UmBCtk And hi* ooll*actt«s has •stftbllshsd 
8«T«ral f«atttr«« of tho onK/wiktlo Apnarfttui aasoelAtod with 
nitxAto roduetion in j^ . SSBKt&* Ast^iailfttory MAPFIB-nitreto 
rodttot««« (i«ADPfii nitr«t« oxidor«dttot»*o, (EC 1.6 .6 .2) of 
&• y ^ w f i^ * •oliablo •itlfhydryl prot«in, ^ith FAD* 
oytoohroa* JUe* (^ * tfftUUl)* «ol3rbd«n«B» and «Q anid«ntifi«d 
aooond a«t«i cospon<in% »• pro«th«tio croups (30»78*7^*76»7S)* 
I t ha« a a«I«oul«r woight of 230 000 (78t79) ond displajrc 
••iroral othor induciblo onzyiohtio aotivlt itts iaeluding FAS* 
dependent liAJDPH-cytoehrofte £ reduetcuie (60)• FAJDHj-nitrete 
reduetftso, and reduced aethyX viclosen (KVH}«>nitr*te 
reductase (7B)* 
The following pathway of eleetron transfer in nitrate 
reduction in j | . crasaa has been suggested i 
cytoehrose £ «?K 
4- . hADPH -4 FAD - 4 set&l 7 —--^ cytaohr<»e J^--* --» Mo —• NC% 
t 
FADH2 
:;oth genetie (79) and biocheaioal (9) evidences have 
shown that ^* erassa nitrate reductase i s conposed of a t 
l eas t two sttbttoits. The synthesis of one of these subiuiits 
i s induced bjr n i trate , ^ i s ooaponent i s ch&reeterised by 
a eapaeity to catalyse the reduction of cytoc>uro»e £ by 
l^ iADPH. the other subunit, which i s a constitutive eoapoaent 
of wild-type Jjf. erassa and certain other autants, i s 
characterized by i t s capacity to cstalyze redueticm of nitrate 
by FADilj CMC reduced aethyl violegen when this subunit i s 
eonbiaed with the Inducible subunit* Kstohun jt^ £^. (9) *nd 
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Mm9<m j ^ j ^ , (81) Y»wm shown that «olybd«nu»-cont.'lnlng 
ocnstltvt iv* sabunit froa ^, frofff c*n l>« replaoed by acid* 
tr««t«d aolybdanua mnzj mm» tram dVY«r«a phjrlo^anatic a our Get 
•xtandins from pr«lcaryotlo through hlghar auoaryotlc organlssa. 
iha aolybdaciUB anxyitaa laoludad bovina al lk and Int^^atlnal 
xanthlna ozidaaa, rabbit llTar zanthlna ozldaaa and ohlckan 
11 var zanthlna dahjrdrocanaaa. Aold-traatad praparations of 
ultro«an*aa« fron ^fifWAlWI* i^f9\o^9%ft •«<! -oybaan 
baotarolda. lltrar aldahyda ai^ s u l f i t e ozldasas froa saxsala, 
plant nltrata radactaaas mui ^. c e l l reaplx^tory nltrata raduct-
aaa can a l so raplaoa tha oonatltutlva Ko-oontalnlng subunlt 
of &• Qy»»«» (81)• Bj contrast, Inorganle nolybdanua, and 
oartaln aol^ tdft^ >vy«<-aaioo acid oosbplaxaa, as pos . l t l a e«talytle 
isodals of nltrogatisisa, f«lled to ylald ^<AI>l*H-nltrata raduet^ ^^a 
act iv i ty «iftar Incubatltm Mith the nltrata-Induced nit^l 
axtraet (9)« Certain autant strains of £• cfasea. dealgh&ted 
A* iki^ ^^« uruftble to grow on nitrate as a nitrogen source 
aud produce aberrant enxyaes wnleh lack lUD?H*nitr<SLte 
reduotai^e aotlTlty and on« or more cf the other three 
a c t i v i t i e s (reduced FAD-nltratf: reductase, reduced aethyl 
vlologen-nltrate redactr^sa, and FAD-dependent cytochrome £ 
reduct£is«). fil|»l riutant produces an enzyme vhiC'^  possesses 
a nitrate inducible FAD-dependent ItADPH-cytoohroce j^ reductaae 
aotlTlty and lacks the other three activlt iof i . Cosblni'tlon of 
s£olybdeftu»->contalning sutunit frox any one of the vsrlcuf 
sources with tha liiduclble subujilt froas ^» eras a (nl t* l ) 
results In rcconstltutlon of functional nl trf te reductase >uith 
properties liidlctin&ulsihable froa those of wlie-type J^ . crassa 
nitrate reduct^ae (81) . Eecently, ^B f)-PfP forsatlon of WADPE-
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nXtrat* reductaa* (1^ 2 . .6 .6 .2) ht*s b««a att«in«d by using 
•x trao t s of n l t r » t « r«4ttet»«» amtant of | i . oi-—1> ( n i t » l ) mnA 
• x t r a e t of althttr jj^otoaynthetlealljr or h«t«rotrophlei i l ly-
crown a^odoaairllUMi EJiSSDlB ^^^<i^ eontrlbutoe the eons t l tu t lT« 
ooapooent ( 8 2 ) . Appftrantljr, |^. ^y»«sa nitr&t* reductase end 
tiie Y e n one aolybdenvuK-oonteininc ensyses eh re s l s l l ^ r 
prote in aubunlt. In explaining the:^e r e s u l t s , Nason £^ ajL. 
(81) postulated that the oons t l tu t lTe cospone t Is a molybdenua 
eofaotor* Ketehu* and Swarin (83) have shown th9t the l o s s 
of the gene product i n | i . qpassa ( n i t - 1 ) can be repl>^e«d by 
a trypsin and protaase^lnaenelt lTe d ia lysab le ooapor;ent which 
i s present in the extraots of bacteria that are oaj^ble of 
metaboliKing d ln l trogen and/or n i t r a t e . The componfert i6 
presusMd t o ocmtain solyMenua and can probably be vlev^ed as 
a ocfaotor as po^stulated by Kason e | ^|.« ( 8 1 ) . i;.Tld«nce for 
poss ib le ex i s t ence of ooauB<xi genes a f f e c t i n g ooth n i t r a t e 
reducti^se an<^  nltrogimsise has a l s o been obtained In s tudies 
with fflutants of Rhigobl\tp (83)• In more reeevit papers Naeon 
&nd hi^ col leagues (84,85) have reported, usliv: radioact ive 
molybdenua, the part ia l re^totlvf^tlon e f f e c t s p e c l f i c s l l y by 
s a l t s and other der iva t ives of the neta l showing that 
ifiolytdenuB (presuaably as a ooupcnent of a larger co lecule of 
cofaotor in the j^rj vftyy> for&atlon of tne ensyse) ii. c o n t r i -
buted s o l e l y by Heurospora ex trac t s other than that of filt-1. 
and by ac id treated Xo<-enzyae. 
I^ason fi, 2^ . (86) presented evidence, based on the Ip 
v^trg asseiBbly of mi a e t l v e Jleurospora*>llke NAOPH-nltr^te 
reductase (£C 1 . 6 . 6 . 2 ) by incubating c e l l - f r e e ex trac t of 
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M.* 0Jf*ff»^  Btttant nit^l with (a) eell->fjr«e preparation of 
cartain non»all«lie autanta or uriinducad Kild-typ« or (b) 
aoid-traatad aolybdaaus emymm^ froa divexi^ a piiyloganatie 
soureaa, that a •olybdamim oofaotor la coaacn to aoft of the 
solybdanua ansyaas. Ko cofaetor of approxiaataly 1000 
Bolacolar waiftht was postolatad to sarra both as a link that 
Mnda tha anzyaa aubunita of nit»l to yield the actitra enz!;ma 
and aa an alaotron earriar. Amy and Hajgopalaa In 1979 
purified Ho oof&etor froa j^ . ooli (87). The cofactor 
diffused through a aeabrane of 2000 aolacular weight cut off 
and waa insansitlTe to trypsin. Zt was associated i^ ith a 
carrier aolecule (approz. ^ .000 dalton) but was easily 
reaoved by dialysis. Johnson ^ aj^ . (68) isolated a ho 
cofaetor fros sulfite oxidase, xanthine oxidase and nitrate 
reduotasst and s<howed this to be a noTel pterin. The active 
faetor was presuaably coaposed of Ko and a reduced fora of 
pterin. Much genetic and bioohemieal evidence indicates 
that the oofaotor is a ooaponent of all aolybdenua-oontaining 
«nzyaes» with the single exception of nitrcgenase* which 
contains a cof»etor containing irtm* as well as aolybdenua, 
designated ss^  PeHoCo (§9.90). 
Recently nitrate reductase has been purified froa 
lt« eras8a wild strain, H^J^l and nit<»3 arm it has been 
shown that the nitrate reductase consists of two identical 
subunits, ^ JUI^ l enzyae being apoenzyae of wilA*type nitrate 
reductase (91f92). The nit-1 autant lacks not cmly native 
nitrate reductase activity but also xanthine dehydrogenase 
activity. The pit^l gene aust therefore control the 
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8ynth*»l.s of » Mo-oofaetor conscm to t>oth nitrate r^'ductas* 
and xanthine det)ydrog«na0«« Thus* th« aratant nitrate reductase 
flaizyate produesd by n l ^ l sust be an apoensyae, lacking tha 
Ko-eof^otor but oonpleta in i t s polypeptide (^1)* 
Xnforaati<m available on nitrate reductaae front n i trate-
reducing yeasta 1^ rather s^agre* Prelialnary experieente 
^ith tifrnffflig^ SBmOSL (93.94) . Qta&k^ S3tUl£ (95) «nd 
Torulopaia nitratophila (9i ) have indicated that the eneyae 
reaeablea Ijeuroaporf a i t ra te reductaae in that i t ia a 
aetaXlo-flaToproteia specif ic for i«ADPB aa electron donor* 
l^ltrate reductase of £ . utlljla was studied J^ ;^  s i tu for i t s 
regulatory properties (97) *nd chsraoterlxed in detai l tor i t s 
electron donors (98)* Eeeectly ni trate r«ductif>se of 
fihodotorula g^HlWf «»• purified 740 fold arid Ita different 
catalyt ic a c t i v i t i e s charttcterlxed (99)* I t contains a 
cytochrome of if 557 type* A value for SJQ « ^^ 7*9 ^^s found 
and i t s Stokes* radius detersined as 7*05 n>* 
The presence of ass iai latcry nitrate reductase has been 
reported in algae and a variety of higher plants* The TiZi^m* 
i s a Bolybdoflavooprotein and speci f ica l ly requires NAOH as 
electron donor for t)M reduction of nitrate to n i tr i te* I t 
has been reported reoently that^ KADPH and MADE 
are u t i l i s e d bf a nitrate reductase isolated froa a 
sal t - to lerant alga (100)* The aolybdenus^a ooap<ment of 
nitrate reductase froa algae and higher plants^ has been 
convincingly deaon£tr»ted by the use of tungsten as a 
specif ic inhibitor (101-103) and by other ways (8.104,105)* 
By using ^^ '^ UT. It *«as possible to get ^ vivo a radioactive 
1« 
nlt,r*te reductt&s**!! ooapl*i from spinach (102) and ehlor«lla 
(101) which iMlntAia«d uiuiff«et«4 Its NADHkdlAphoras* aetlTlty 
out vfts eoapl«t«ly laaotlT* «• nltrat* r*duota0«. Th« 
Misoeiatlon of ^ ^^14 with nitr«t« rvdu'^tase wat shown tc be 
Kcakar than that of Ho. fha imthway of alaotron transfer within 
the nitrata ri^uctaaa oomplex. as suggested hf Sohrader jj^ a],. 
(106), anTisagas a transfer of electrons froa iiADH to a flavin 
•oiety and than to aclybdenua Khioh nltlnately reduces Ncl 
attached at the aotlire site of ansyae. 
Exoeptloos to pyridine nucleotide specificity are known 
in algae. Thtta* nitrate reduotAse froa Cyanidiua oaldarimi. 
J!?«ff*Ut3L;iift ,1iTt^ ff|,ff9.^  and m^iptfifdififi^^ ££SH&U »*» aecept 
electrons froa both KADB and NACPB even at the high degree of 
parifioatiota (107,108). The apparent ability of partially 
purified encyme froa leaves of soybean, aaixe, and foxtail 
to utilixe iMADFfi was shown to be due to the presence of a 
phosphatase which readily converted hAOrB to KADH (109)* 
In analogy with the entyises free fungi» the partially 
purified nitrate reductase froa several alga has associated 
cytoehroee ji^reduotase activity and contains cytoehroae ^ 
in additloii tc FAD arid no (22) • Ho involveaent of eytoohroae 
could be deaonstrated for nitrate reductase froa higher plants 
(110). 
Working Mith highly purified nitrate reduct>>«e froa 
spinach* saall calabash and chlorella, Losada 4|^  f^, (111) 
concluded that nitrate reduotAse i&olecule consists of two 
chesically separable aoietiest a FAD<-dependent NADHodiaphoraae 
which ean u:^ e several oxidised cospounds such as eytoehromes 
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as «leetrocx «ec«ptor8» and tar^ns i l n l t r a t a r«^uctas« which 
ui«d reduced f l a v i n nuelaotidaa and v io loeen <^ tyeB as a lee tron 
doRoru. The t«fo a o t l T i t i e s part ie lpated eaquvntialljr In the 
tranafar of e leotrcxu froai NADH t o n i t r a t a aa deAcrlbad belo^i 
Electron accaptora 1__ 
hkDsL FAD Mo N> Hiij 
Dlaphoraaa (^  Electron TeralrLal 
^donora NC- R 
Using lasunodlfTU3ion and laaunopraclpl tat lon techniques, »nd 
on the basis of t h e i r ant igen ic behaviour Ferrarlo ^ £j . , (112) 
have desK^stratad thitt n i t r a t e radactasa enzyses froa splnstch 
laavea and rootr are d i f f e r e n t p r o t e i n s . 
In traoe l lu lnr loca t ion of nitr^ite roductase In e<^«n plants 
h88 been s tudied. The e.u«y«e v»a» shoi^n to b« pr sent i n 
cytosa l (113*113a)* s t u d i e s with non«sreen t i s s u e s , ho e er* 
suggested that n i t r a t e reductase la a so luble cytcplssi&lc 
ensyBa (114)• 
In e o n t m s t to n i t r a t e reductsisa f r o s the plant klnedosi. 
less Information ex'tsts on n i t r a t e reductases frcar the 
as8lffillatory*t,vpa n i t r a t e reducing b a c t e r i a . lUehclsts and 
i^ason (115) pur i f ied a so luble iiADBollnked n i t r a t e reductase 
froB ^ . SiSlk s t r a i n B| the an«y«e wass a jEetallofl«iroprcteln 
>ilth FAD as the pros thet ic group and aclybdenus as a prcbsble 
ae ta l c o n s t i t u e n t . Tanlguehi and Chsashl (116) Isol^^tted an 
Inducl .la partloulAte iiADH-speeiflc n i t r a t e reductase from 
A» •li->sl<^ndl^ which was characterized as a sulfhydryl aiet:allo<-
ensyaat the a c t i v i t y of the engyse was st lotulsted about Z-fcld 
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by add«<l FAD or I^lli. An «S3i«iletory nltrfttn reductase h»« 
b««i r«port«<i froa Aaotobacf r cftyff9<?9ffp^ ip ( H ? ) - J^^ * enEyae 
WAS ehareotttxiBCd aa • aolybdo-protain which cculd tts» only 
re4ue«d viologcn dy«« • • •l«otron donors. The •nsyesc did not 
fteo«pt cleetrons fro* r«due«d pyridine nucleotide*• Guerrero 
and Vegfi. h^Te ehown that Ho and Pe ere funetlonel constituents 
of the nitrate redusln^ syetea of ^. ehropeoocya (118). 
VillAlobo j[£ jk .^ (119) Isolated a soluble nitrate reductase 
troK Aoinetobaoter .»al^ 9a5 f^^ 4ff^ |f h»Tlng aoleoular weight 
96.000. Eecently. Alef and Kleaae (120) purified a nitrate 
reductase froa a phototrophlo bsieterlua. Rhodopseudoaonyifi 
capsolata to hosogenelty. The ensyae i s a aolybdo-heae* 
protein (aolecular weight 165*000}« having two idcntieal sufounit 
In oontrast to asaiai latory nitrate reductases which are 
often found in the soluble oytoplasaic frRotlon* the 
respiratory nitrate reductases are, in general, aeabrarie-
bound. Ezoeptions to this general isat l^i are found as 
exeaplifled by the soluble respiratory nitrate redu tase of 
laniguchi and Itagaki (122) isolated a particulate nltre>te 
reductase systev fros j ; . col^ which included cytoohroae ^ as 
an interaediary electron oarrier froa foraate or KADB to 
nitrates th is systen possessed reaarkaaly high act iv i ty of 
nitrate reductase. Tlie be&t natural eleetron donors for 
nitrate reduction by the intaet particle were Fnm , FADB .^ 
foraate and NADH, whereas reduced aethyl-and bencyl Tiolo^ens 
acted as best a r t i f i c i a l electron donors. The encyae was 
purified to a hoaogeneous s t a t e . I t has a aolecular weight 
VJ 
of on« Million and ccmtaln^d cm* »toa of Mo and UO Ato«» 
of P« pmr acl«cul« tmt no bound flaTln or cjtochroBe. 
Ztagakl jjt ftiL* (^23) pjTMwritod oTldcnoo indicating tha 
inTolv«a«nt of eytoehrosa ^ *• oloctron d<:mor. Th« following 
pathway for the tjransfar of alaetrone was aa^gasted. 
Poraata ••^  Pormstta dehydroganasa —^  Lipid factor -
l^itrata ^- Hitrata raducl^sc -f** Cytochrosa Jjt "J 
The l ipid factor oould ba raplaoad by vltasdn K. 
The anaarobic respirator/ nitrate reductase of ^* co^^ 
o«i8 is ts of imbttnita A, B and C in a rat io of 2t2t4 (123a). 
The function of aubunita A (active s i t e , aolecular v;«ight 
1^5*000} and C (oytoohroaa J^ » molecular weight 20,000) has 
been clearly defined, subunlt B has been itsplieated in the 
attaohaant of the ensyae coaplex to the ectopia^eic 
xeabrAne. Subunit a has been referred to aa B arid ^* 
(B and B*). B* haa a aoleculsr wftight of S^ tOOO and £• 
60.000. An anzyaatic act iv i ty with oytoplasaic aeabr^naa 
of J^ . ^i^}.^ tea been reported which changes subunit E to a 
fora (d*) with a s l ight ly greater electrophoretic nobility 
on SDS-polyaorylaaide gel (123b). The conversion of I to B* 
i s a reversible proeesi: and i s due to the reaovel of one or 
Bore saa l l non-protein aolecules . 
Fewson and Nicholas (<K)) reported MADIl-spacific nitrcte 
reductase froa denitrifying c e l l s of PBeud<Mi<»Mits aeruginosa 
which contained PAD* cytochxoae 2, *"d ^o as functional 
coaponenta. The follow.ing acheme for electron transport was 
suggestedt 
2[] 
MASm -<^  FAX) - ^ eytoeliroM o - 4 Ko^ -^ HcZ 
eytochroB* oxld&s* —^ 0^ 
!rh« r«epir«torjr a i trat* rsductas* torn |^ * ^•Pltrifieapji 
was pnrlfled «nd ohiur«et«ris«d by Las and Mlohelas (124). 
Tha anz/aa was aolybdo->protala but did not contain oytoohroaa 
or flaTln. liAOH^  TMM^p flWrL^f succinata and raduead 
eytoohrosa could not donate alaotrons to tha ansyna. Calj 
raduoad baasjrl • io lofan and nathyl Ylologan wara u t l l i t ad 
a« alaotron dcmora. Iha puriflad praparatlon of tha nltr^ta 
radttotaaa obtalnad bj Porgat (14) fros tha »»m9 orsanls^s «raa 
abla to aeeapt alactrcms froa raduoad flavin nuolaotldea. 
Tha ai-izyaw was ohariictarisad aa a non->haaa ir<m protain 
ocmtaining traoaa of No. The involTaacnt of Pa and ho aa 
fuaoticmal ooaponanta of nltrata raduetaaa waa latar oonfirscd 
on tha baaia of SFS atttdiea (15)• Chiba and Xvhiaoto (125) 
raported a nitrata raduc^aa fron pj-fffWdt^ffi PfffrtttttPf 
which raduoas nitrata to n i t r i ta or aaaonia. Parradozin 
was found to ba an intaraadiary alaetron carrier in nitirota 
raduoing tystaa with HADH as tha alaetron donor. Hia folloKing 
pathway for alaetrcm transport was suggastadi 
iiajSjOjjj-^ MD"*" -^ Pd-NAD* -» Pd - 4 IIO"B - ^ MO, 
raductasa ^ 
3ad&na and KcElroy (126) purified and chafisieterisad 
a nitrate-reducing aystea froa ^. fischari and proposed the 
following pathway of electron transfert 
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*qS*^ - ^ ''or - 4 F « ^ - » 3a&t«rUl oirtoehroM £ « « -» C« 
NA0PH PAD I ^^ * 
a«duo«d &«nE/l Tlologwi - ^ Itfltrat* reductase - ^ Nltr^t« 
7h« • I s e t r o n transport chain VSLB sepalNited Into two 
solubl* fraetlonc, (a) th« «l«otrcm donor system* naacly • 
^«AD(P)M*oytoehroa« £*r«dttOtsss with » rsqulrscsnt for FAD 
or FIGii snd (b) th« torotinal nltr*t« reductase which aedlated 
the transfer of electrons from redueed eytoehroee to nltrete* 
When redueed bsaasyl Tlolf^en supplied the eleetrcms, the 
baeterl&l oytoehroae was not Involved. On further purif ies-
ti<m nitrate reductase free froa oytoehroae ooaponeiit was 
obtained (127}. Ultraeentribal studies indicated that the 
A* ^i»oheyi nitrate reductase was a auoh saal ler noleoule 
than the ensyse froa £• yol^ reported lay "^uilsuohl and 
I t a g a ^ (122). 
Knook and Plants (128) have shown that NADIt-dependent 
nitrate reductase* Involired in respiratory reduoticm of 
nitrate In j | . aerosenfs, requires ubiquincne-B and eytochrosMs 
]^* Isolated froB the sace organise* as eleotrcM) earrlers . 
C>'toehroae-linked nitrate reductase h»ve a lso been 
purified froa j^^^ffff^ffttff ftCliift (129). ;p^ lff<?Ii>iMl 3yP9r4^>^ 
(130*131)* gas|Ji]|& •tearotheraophilua (132) and ia^UDlft 
£ f£ lS i (1-33) • 
fieoently* Van'T a i e t ^ a l . purified and oharacterieed 
a respiratory nitrate reductase froo ^. liehen i f orals (13^^). 
The ensyae (aol .wt. I93t000) o<m2sij»ts of two subunlts* having 
aolecular weight 150*000 and 57*000* preser^t in equisolar 
ra t io . 
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Th« rtAuotiosa of n i trate to n i t r i t e appears to be a 
jrate •> oontrolling etep In ni trate asslmllst loB. t i t ra t e 
raduotaae i« regttlatad ^r i t s redox potential 0>35)* In 
wany alga and plants, i t azlata In two lntere«avart:ibla 
foraat an oxidised and aatlve for« and a reduced mn6 
InaotlTe torn (13^,137)• In rloa* wheat, barley and Soyah^a. 
however I the r«»duoed fora i s the aetlve fora of the ni trate 
reduetasa (138-;L4X)« 2& 2U£8* ^^^ ens^tta oan be l.naetiTated 
by incubation witii redueed pyridine nucleotidea* either alotxe 
or pine ADP or eyanido. The ni trate reductaae which i s 
inftetlT«tad by oyanide e»n be remotlirated by ferrieyanide • 
blue l i ght irradi^ition or trival«nt aanfaneae. leaet irat lon 
by the^e treatsenti preauiaably InTolvee oxidation of the 
etatide Mo ^-Ot eoaplex to the onatjable Ko^  *QI oosplex» 
froB whieh. cyanide would be retdi ly dleeociatedi^iS^}, 
It has been proposed that a tetrahedroi>»ahaped, 
tantaaaeabraae nitrate redu^ '^taae (NR) tetraaer fttnetionc as 
a carrier for ni trate transport* Both redaotitm and trans-
port of ni trate are brought about by the sase enE:s?Be eoaplex* 
An ATfase i s • iaual l iad to be closely associated with the 
liB tett«Ber* The tetraser i s apparently oriented such 
that one sonoaer i s exposed to the outside of the plasaa-
leaata, while the other three are exposed to the oytoplasa. 
Orientation yields a reaetion aeohanisis where the 
transport and reduction of one KO* i s acooBi»inied t^ the 
transport of two additional nitrate ions ( i . e . a 3 t l 
2Z 
trmiaport reduotloa z^tlo). H^ie proportlcm of transported 
nitrate that 1% reduead la apparently aodulatad by thiol 
ravarelble ADP inhibition of raduotion. Thia inhibition 
ho^avar la probably tha result of adanylata binding at sites 
on tha proposed liO^  wiotiTfttad ATFa&a to which NR is tlghtl? 
coupled. An analogvoa systea oonaistins of a NB dicer th»t 
•pane a unit nesbrana plus mn ATPaae la propoaed to b« 
reapoaslble for nitrate transport and raduoti<m in algae 
ftnd chloroplaat (142)• 
itiitrate reductase purified froa Ystrious sourees were 
of Tarlotts da<ref» of purity* Studies with highly purified 
ensjae prepareti(ma nave been reported in the ease of 
9}l9ir*Uf^ mif^mh^9§f^ (1^3). i^ i^>r9?99cyf ^i9tf?r4^nf^^iy 
(144). g. s s u K-12 (145). f«i>T«u;itfff nHm»^» ii^>* t' 
crftSSB Btttant sit«>3 (147)» jQebsie^la aero«tfeii«^ (148). 
9h^ qfft;^ ;ift m;^ gftnff (149). .^ ^f^mj^i (i50)« £ . ^^ roit^ fp^ fyrg^ ff 
(134)• The investigations K&de t i l l no)« ir«dlc^te that nitrate 
reduct^SfiS frc^s differarit organlpiss haire widely different 
properties and different rsttetlcm isech»nlss.8. The t?crk 
reported in this thes is deals with the purification of nitrate 
reductase froa 4 . fisoheyi which dif fers in aany of i t s 
propertiee from the enzjrsMis reported so far. 
sadana and Me&lroy (126) purified a nitrate reductase 
fros ^. f is9heri ahieh s t i l l contained a cytoohroae with 
absorption peaks at 550. 520. and 419 mo. Cn further 
24 
purlfieation (127) * nitx«t« r«(tucta«e trm* froa eyteohroa* 
Mas obtAlnsd. thm mtnymm « • • r«lativ«X7 an»t«bl» and 
g«n«rall]r loat about 801 of i t s aot lvlty oo «torae« a t k^ 
for 2^ ^ h. Ultraeantrifufal studlas Indioatad the presarxa 
of a t laast txo ooapoaanta* though i t waa not detexftincid 
which of tha two ooapooanta r«|»ra^«ntad th« anxyaa. 
The iforlc praaantad In this thesis dascrlbas the 
further purifieatioo of nitrate reductase frois 4 . f la char i 
to a state which i s hoaoseneous in polyaoryl»aide •gel 
aXaetropherasie a t pU 8*9 *iid 4.3 And in 2lD3->sel <*l«ctro-> 
phoresis, and further study of soas« of itt» phy8ioo*oh«^lcal 
properties* and suburiit structure* 
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All the ohcsilealft ummd in th« scdla for th« grovth of 
A* fiociiogi w r e of analytle^tl grad*. B«eto p«pton« waa obtained 
froB Bengfil ZiMttnity Co. Ltd.* Caleuttat b«eto agar (Dlfco) 
froa Difeo L*tooratorl«t« U.:>.A.jand b««f •ztraot fron Qxold, 
liingland. 
Crystalllao borln* sorus altoiiala, eryBtalllna ovalbumin, 
gi««3:^->globulia, transfarrln* dooxyribonttolaasa I , yaaat 
alcohol d«hydroganasa« CooMasla Bri l l iant Blu« and :^ot&«in« 
•ttlfat« (Salalna) war* obtainad froa Sigaa Chaaioal Co., U. .A. 
Aorylasida, M,M*-aatlijrX«ciabiaacr7laaida, and K.h'.NSii*-
tatrawtthylathylaBadiaaina war* tha products of Eaataan 
Organic ChaadLoala, U.S.A. Benzyl Tiologan, aathyl vlologan, 
farrie chlorida and gljrcarel vr» porohaaed froa B.D.H.* England, 
oaphadax 0-200 and Blaa Daxtran 2000 vara obtained froa 
Pharaaoia, Swadan and Bio -^1 P<-150 froa Bio-Rad Laboratories, 
U.5.A. 
thm following ohaaiaals v^ ara porchasad froa the 
suppliers indioatadt 2«>aaraaptoathanol (Fluka, Swltserlandh 
aodlua dodeoyl sulfate (HICO ?roduota Pvt. Ltd., Boabay); 
iodoaeetaaida (Kooh->Light Laboratories, U.K.). All other 
cheaieals ware of anal j t lea l grade and obtained froa 
ooaaerclal sourees. 
gydroaiylapatita gel w«a prepared aeeording to the 
proaedore of Tise l ius , HJertca and Levin (151). The gel 
was equilibrated with O.OOI N potassiua phosphate buffer, 
pH 6 .8 . 
Glaaa d i s t i l l e d water waa used in a l l enzyae studies . 
Th« a&lt-w&t«r Xualnoos bacterltiB ^* fiacherl used In the 
pr<^8«nt iQ^ettisationa was kindly supplied bj Dr. W.D.KcElroy 
(KcColItt»»Pzmtt Inst l tut* . Jotoa Hopkins University, Baltiicora, 
U.S.A.). Tha Ottltura appaared aa sraB-nagati-va roda, 
£oaatiJ»«a al ightly ourrad. 
JSk» fi*chart «r*a proi^gatad (m nutrient tk§mr s lants of 
tha followinii ooapoaitiont 
Peptone 0.5 S 
Sodiua chlorida 3.0 g 
Beef extraet 0.3 g 
Glyoerol 0.3 •! 
Agar 2.0 g 
CaloiwB e«rbonat|Q 0.3 g 
Dist i l l ed water to vmMm 100 o l . 
The f i r s t four oonstituenta were dissolved in water end 
the pg was adjusted to 7»*^ with 4 H KCH. The final voluae 
was made to 100 a l . Agar and oalciua carbonate were then added 
and the aixture ateased for one h. For preparation of s lants , 
7 * 8 al aliquots were distributed into 19 x 150 sm tubes 
and autoolsTed at 15 pal (120^C) for 20 aln. Itie tubes were 
shaken while hot in order to distribute ealclua oarbonste 
uniforsO./, isaediately slanted and allowed to so l id i fy . 
Xheae sltM-its were inooulated from the stock culture and 
incubated at 28*^ C for 2* h. 
The organisiB was aaintained at 4^ C and subeultured 
routinely •yry acnth. 
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'^•'^l UmH ifaa.itp fw, Mr<F^ ^ 
To obtain Xars« aaeviitfl of oaXIs. the orgimlBa w«e gro^n 
in T:h« foll^flng basal l iquid iMdivoit 
SodioB ehlorida* llaCl 30.00 g 
Aoaonlttat phosi^)at«,(ll^^)2HF0^ 0*50 9 
Pota«eliui dlhydrotan phoaphata* 2*10 g 
ltH_PO. 2 # 
Diaodiua hydrogan f^c»phata» 7.08 g 
Na^ HFQli.XaKaO 
Magnasltts ao l fe ta , lfgSO|^  0.10 g 
Farrio chlorlda, FaCl«.i]I^O 0.01 g 
GXycarol 3.00 nl 
Paptoaa 10.00 g 
DlstiXXad watar to aaka ixim l l t r a 
pH was adjuatad to T*'^  bjr If N KCB. 
iJLX tha cooctltuantSt axoapt farrio ohXorlda and aagneslus; 
auXfata. mmr» di8«oXvad and pH adjttstad to 7*^ by ^ N KCH. 
Farrio ohXorida and aagnaaiUB auXfata ^T^ dissoXvad 
aap&rataXy and than aixad. Tha sadla vmrm autooXavad at 
X5 pai for 20 ain. 
InoouXa froa 2*^  h culturaa^ gro«rn on ag^r aXopat^wera 
tranafarrad into 500 isX otmi^X flaaka oontalnint XOO cX baaaX 
Xiquid BM»dittB and groan for 20 h at 28*'C on a rotary ahakar* 
2X0 rpa. Tha organiaa wa«^  aubotiXtiarad through two 
tranafara in Xiqoid aadia (without nitrata) andar aarobio 
Offiulitiona. Iha ineottXiia vaa than tranafarrad to X5 L of 
tha baaaX Xiquid sadiua in gXaaa earboya etrnteining O.XjK 
potaasiita ni trata . Antifoaa (0.2 to 0.3 nX^  AXkatarga C^  
CoaaaroiaX SoXvent Corporation* U.3.A.t ona part antifoam 
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•lx«d With four pt^%* of Hqold p*r«ffin) was added to aaoh 
oajrbor in ord«r to prmyrmxt •zo««a frothln«. Th« eultura waa 
leapt at 28 - 30®C and piuriflad « ir waa continuously paaead 
through the oulturaa fro* alntarad slaaa unite at 550 a l / s l n . 
Aftar gr€win«; for 18 to 20 h^  th« ealla were harv«stad in a 
Sharpies oaiitrifuga (2000 rpa) ut a flow rate of 10 L per h. 
fhe baeteria were washed free <}t n i t r i t e by susperKllng in 3% 
sodiua ehlorlde end eeatrifuglag. The o e l l s were stored as 
paste St -20^0 unit used. 
fifftnainm ftf m u ftf fflinty p^4 §m9im n%%n\i 
The unit at nitrate reductase aetlvity is defined as the 
aai»mt of miMyww required to produce l-Ojaiol of nitrite 
froB nitrate in 10 sin at 30^C, pH 7*5* using reduced beneyl 
Ylologen as the eleetr<Ma donor under the ezperlsental 
conditions glTen in the text. The specific activity is 
defined as the aetlTlty p ^ a>i of protein, 
fefetiaatiaia of nitrate reductase aetlvity 
Nitrate reduotass aetlvlty waa seasured in Ihunberg tubes 
with eheaically reduced bensyl viologen »9 electron donor. 
Ihe rate of reaetlim was aeesured by detersiining the asount 
of nitrite forated in the reactlcm mixture by the dlaxo-
coupling procedure of Snell and Snell (152). The details 
of the assay procedure are as followst 
The incubation aixture contained, in a final voluae of 
1.5 «!/ 200^ol of potasaiua phosphite^ pR 7*5^ 10 ^ aol 
of sodiua nitrate^ and engyae protein in the oain ara of 
the Thunberg tube. BantyX Tiologen (0.5 aH, 10 Eg/al in 
water) and 1 nl of freshly prep&red dithionite (1 ag/al) 
2a 
in 200 »ll pot»«^ iiUB phoc^iat* \mftmr, pU 7«5* ^•f plfto«4i In 
thtt eid« a m of th« "humbAYc tab* *nd th« %ttb«s i^ *r« ••aoufttcd 
iK8t«di&t«ly. Tti« r««etlon w«$ st»rt«d bj the addition of 
raduead bancjrl •iolofwri. l!h« firuia pB of tho roaetlon 
ffiixturo was 7^ 5* Aftar t • 10 ain of Inoubation at rooM 
taaparatttra, tha raaotlmi was taralnatad hj cp«ainjs tha 
Thimbars tabaa and ahakine for fa>« saoonda to oxidise all tha 
raduoad bansyl violofwci. Ona ml of sulfanilaaid* reagent 
(in v A in 1 N MCI) folloMad b/ 1.0 »1 of N»(l-mphthjrl)-
athylanadiaalB* dihjrAroehlorida (0.02JI «/• In water) «a« 
added to 1 Bl aliqtiet of reaction mixture. The reatating 
red edoar was read at 540 ua after 10 ain^ after aaking 
the Toltwe to 9*5 al with water. Tha optiaal denaitjr of 0.5 
for 10 m light path is equivalent to 0.1 jsaol of nitrite 
produced. A bl&nk with all tha assay constituents except 
ensyaa was always ran. 
Qitalase was assayed according to Beers and Siser (153)* 
2.9 al of baffered eolation ot hydrogen peroxide (0.2 al of 
yO% 82^2 ^^ 50 al of 0.05 N potassiuB phosphate buffer, pS 
7*0) waa taken in 3 al capacity silica cuvette. Urte ensyae 
saaple (0.1 al) was than added to the substrate solution 
and the deoreaae la optical density per 1 * 2 aln^ which is 
a aeasure of the ensyae actlTlty^ was recorded. 
Alcohol dehydrogenase waa assayed by aeasurlng the 
foraation of NADB according to the procedure of Vallee and 
Boch (154)* Xhe assay was parforaed in 3 wl silica euvette. 
7.0 
Thm •«•«./ MfBfm oaaal«t«d of 2*5 >al phosphat*, pH 8 .8 , 0.1 s i 
of HAD (10 ag/al In 0*02 H phosphat*^ pH 6.5) ftnd 0.2 B1 of 
95% •thimol. Th« r«aotion w*« star ted by adding 0.2 ml of 
the •nsya* MUipl« ftnd th« lnoi>«ftso in optieal <S«naity wft« 
9«a«ur«d against th« raagant blank at JkOrm» 
The following aathoda wara adoptad for the datarsinatlcn 
of protain in ansya« aaaplaa. 
(a) Turbidiaatrie aathodi Tha protain in tha oruda aztraet 
waa iMtlaatad by turbidity aaaauraaantc of triohloroacatie 
acid pracipitataa aa daaoribad by Stadtamn ji^ §^, (155)* 
Saaplaa ccs&taining 0.1 to 0.2 ag of protain ti%r9 smde up with 
watar to a volttaa of 2 a l and 3 ml of £1 tricliloroaoatic acid 
solution Kraa addad. Tha rasulting euspanalon waa allo>-ad to 
stand for ona min and tha turbidity waa aaaaurad at 540 ns . 
Cryatallina bovina amrua allmain waa usad aa tha standard. 
(b) Wathod of |Loitr> at a l . i Protain datariBinatian i^ tha 
8uba«iuaKt purification stapa n^rm earriad out with tha 
PolliB-Ciooaltaau raagmt aa daaoribad by Lowry f^ 2l* (3>5<^ )» 
Cryatalline boTina aarum albualn was uaad aa tha atandard and 
tha f inal aolutlcm was raad at 75<> n«. Saaplss fraa of astconiua 
ataf&ta and Triti and containing i»ily low eo«ioantration of 
phoaphata ^9rm usad to avoid intarfaranoa fros tha^a aubstarces. 
(o) optical mathodt Protain datarstination by the optical 
method of Warburg and Chriatian (157) v^ as carried out by using 
tha aapiriaal aquation (158) to correct for l ight abaorptlcai 
due to nucleic acids, tha l ight path being 10 mat 
* •£ protein per ad* 
This ••thod ««• vmmdf although I t was «<»« what inftocurftte, 
to obtain rapid oospaimtiiro ost iaatas of protaln ooatent 
during ooluaa ehroBstosraphjr* Tha ocooantration of serua 
albusin was oaloulatad froB i t s axtinetioo ooaffioiant 
at 280 aa (159)* 
Asaa&ioa sulfate aatttraticm refers to O^ C and the 
quant i^ required for ehanging the degree of aattu^tion 
wa« oaloulatad froa the followiag equations (158)i 
for so l id aua^iiua sulfates X< 
50 (sJ - s^) 
1 - 0.28 e 
For saturated aaiaonlua sulf&tei It « 
100(S - S ) 
l . S j 
»<here X equals g of sol id aaaoniua sulfate to be added to 
100 al of solution of saturation S^ in order to ehange i t s 
satiiration to £2* *nd Y equals al of saturated aaaoniun 
sulfate solution to be added to 100 s i of solution to change 
i t s saturtttion froa S^^ to 82^ 8^ and S. being expressed in 
fraotions of saturation at O^C. Aaaoniua sul fate , solid 
or solut ion, was added s lovly with gentle s t irr ing to avoid 
frothing and the l iquid «ras allowed to st^nd for 3 0 - 4 0 ain, 
than omitrifuged at 4,000 x g for 45 s in . 
A ooluan of Sephadex G-200 (40 - 120 yf)or dlo-Gal P-I50 
««• •quilltor*t€td at 4®C with 50 BM potatslua phosphate bufftr^ 
pH 7.0t Hydrat«d g«l and boffar waa roatinaly daaaratad undar 
vaottUB prior to us a. iihan tha bad had aattlad to a ccnatant 
halght tha saapla aolutior (0.5 -> 1*0 nX) containing lOJI 
attoroaa waa oarafulljr Xayarad undar tha buffar aolutioii at 
tha top of tha ga l . Sluidt* fraetions of 1 al vara oollacted 
at a flow rata of 10 - 12 a l /h and aasayad for protain and/ 
or anzyulo aotlTitjr. Daxtran Blua 2000 (Pharaacia) waa uaad 
to dataralna tha void Toluiea (Vo) and ph«tiylalanin« to aaasura 
tha Innar voluaa (¥1) . Dia tota l vol una (Vt) waa datarainad 
diraetiljr with watar. Tha e lu t i^ i voluna (Va) of a glvan 
solute s<ma was takan in a l l casaa aa tha affluent paak 
position of tha aoluta. Iha colusm waa ealibrated with 
tha protains of known aolaoular waightfr (160) or Stokes* 
radii (161). Gal f i l t ra t ion data ara pra&entad in taraa of 
Va/Vo» Kd ai^ Kav, tha parasatara involTad U\ aavaral 
isathamatioal oorralations of aluticMm Toluna with stokaa* 
radiua and aolaoular weight (161*163). The pajranetera Kd 
and KaT are ealoulatad aa defined by the following ^uations 
(164)t 
Va - Vo Va • Vo 
Kd 
Kav 
Vi vt - Vg - Vo 
Va - Vo 
Vt • Vo 
Ahere Ve, Vo* Vt and Vi have the »aae aaaning as described 
aboTe, Vg the volume occupied by the gel grains i s astiaated 
froa the following rel&ti<^t 
Vg • Vt/B.d 
7,3 
rther* o m bed TOIUB* ^•r g of dry Sepha4*x &->200 (approx. 
35 al/t) «nd d 1« th« density of dry Sopbadex C-200 (1.65 g/»l) 
(lO). For tho eolMwns usod In th« pr«««nt o^rlc Vg m 1,7k 
and lAT • 0.973 Kd. 
Analytleal polyaor)rla»id« gal alaotrophoreaia waa oarriad 
out at pH 8*9 and '^ •3 for tasting the hcaogenalty of th« •mym*, 
Sleotrophoraais at pH 8.9 «aa parforaad acoordlng to 
OaYla (165) vaing ?•$% aerylaalda gal polyaarlsad with 0.079( 
aaaonlua paraolfata. Tha diaecmtinuovis buffar aystea oonal^ 'ta 
of Xrla-glyeina buffar* pH 8.3 (alaotroda buffar) and Tris-
ECl buffar. pB 8.9 (aaparati<»i gel). Broacphanol blue waa 
used a£( a Barker dye. 
Slaclrophorcala at pH 4.3 waa parforsed aocordlng to 
Naurar (166) uaing 7«5$ aerylaaida gel polysaritad with 0.07^ 
aseaonlun paraulfata. Tha dlaoontinuous buffar aystea oonsiata 
of ^ /9-alanlne and aoatic acid buffer^ pH 5.0 (eleotroda buffer) 
and KOU»aeatlc aold buffer^ pH 4.3 (separatl<m gelf. Aquaoua 
aolutloo of uethyl grean was uaad as Barker dye. 
Saaple and stacking gala ware ocltted. After 2 h of 
prallalnai^ electrophoresis to resore residual parsulfate 
lons^ 30 to 2 0 0 ^ aaaple (oada dense with 20;t sucrose) was 
applied through the upper buffar on to the eurfaee of the gel. 
Electrophoresis waa carried out In the cold roc« (^ ^^ C) at 3 RA 
per tube for J ^ k h until the dye reached the bottos of tha 
gel. After the eXectrophoreala protein b&nds were stained 
with 1% anildo achwarx In 7% acetic aold or 0.1$ Coomeasrle 
Brilliant Blue. The deatalnlng of the gel waa performed by 
difsttslon in 7% *o«tlo «old. 
Th« molecular Keight of nfttive nitr«t« r«ductas« utini; 
gel •l«etrophoresi£ MAS deteririntd according to the aethod 
described by Hedriek and Saith (167)• Separation g«ls with 
•arioua concentrations of aorylacide (6 - 121)1) Mere prepared 
according to Omstein and Davis (168) exeept that the ratio 
of aorylaaide to bis (B,il**aethylenebisaerylaBide) was 
30il «(hich was sMintained ccmstant in all the gels. 1%e u»e 
of spacer gel was ifound unnecessary* Saaplaa (100 jal) in 
5 aM Tris-glyeine buffer* pH 8.3* containing 50^ 1 glycerol and 
0.05]K Broaophenol Blue were layered on top of the gels, 
tleotrophoresid was carried out at 2 aA for 30 sin and k sA 
for 2 h in a cold rooa (4^C)« At the end of the run the 
dye front was aarked t>f inserting 25 gauge copper wire. 
The staining and destaining was perforaed as already 
described. Migration of dye and protein bands was aeasurcKi 
on a illUBinated i:^ox using a Magnifying glase oounted on the 
top of the light box. Heasurassents were aecurate to ± 0.5 »»• 
SDS-gel electrophoresis containing O.ljC Sr^ was carried 
out as described by i«ebar and Osbom (169) and Shapiro jj^ »X' 
(170) except that saaples after treataent with 1% SDS, 
1% 2*ll£ and 1% iodoacetaaide at pH 7*0 were incubated at 
lOO^ 'C for about 10 ain and were not dlalysed prior to 
electrophoresis. The electrophoresis was carried out at 
8 aA per tube for 3 ^» 

S5 
l«ltr»t« r«4uotas« has b«*n purified frost J^ . fiachari 
by a aodifioation of an •arll«r proe«dur« of Sadftna j ^ fi^.. 
(127). th« ansyM has baan purlfiad to a atata whieh is 
hoaogaaaoua in poXyaorylaaida gal alaetrophorasia at pH 8.9 
and 4.3 and at diffarant gal ooneantrationa (6« 8, 10* 12$), 
* and in SDS*gal alaetrophoraaia. The ovarall raoovary of th« 
anzyaa was 26^ as aoaparad to 4».8f obtainad by tha aarliar 
procadura. The purifioatLoa proeadura aonaletad of axtraetion, 
eonoantration by aaoKmiuB aulfata praeipitatlnit (0.90 saturation) 
protaaine aialfata traataant* fraetionati<m with assoniua 
sulfata, two auoeaasiira hydroxylapatita eoluon ehroaaitography 
atapa* and purifiCAtion by a aiapliflad preparativa poly-
aeryalaida gal alaotrophorasia. 
nic purlfiad aneyaa hat a spaeific aotiTlty of about 215 > 
220 jOBol ud^ foraad froa nitrata p*r ag protain par h. Iha 
anayaa aho«ad bettar atatility a« coapftred to th« mnz^me 
purifiad by tha aarliar proeadura ttrhen stored over a long 
period of tiaa at 0 - 4^€« 
The aoleoular weight of the nitrate reductase determined 
by different asethods. Tit. by gel electrophoresis* gel filtra-
tion <m Sephadax 6-200 and Bio-Gel ?-150» ana SDS-gel electro-
phoresis* gave an average value of 5^*000* The Stokes* radius, 
oaloulated froa ^ml filtration datM by sMithods of Ackers* 
Porath* and Laurent and ilillandar* gave an avex^^s value of 
3*1 na« Th9 purified enxyae on treataent >fith 1^ sodiUK 
dodeoyl sulfate and 1% 2-aeroaptoethanol in the presence of X% 
iodoacetamide does not dissoeiata in SD3-gal electrophoresis 
Indlcatln* that the ^, y^aehrl nitrat« jr«duct«a« is co«pris«a 
of a tingle polypeptid* chain. 
Dorinft itiiAittS on th« luaiaotecnt ayctoa of 4« fischTl. 
iK.D. MoHroy and J.l. Kllnaabojrg (oltad In ref. 186) ob erved 
th!it thia orsaniaa raqulraa an awsonia nltrogan aouree for 
growth, and that whan nitrata Is addad to tha growth aedloa* 
aitrita aeouaulataa. Fron thia obsarratlMi, it w»& concluded 
that ^ . fiaoha|Pi e»n fore a nltrata raduotaaa bat not nitrite 
raduotaaa. C« Prakaah j^ £l. in 1966 (^ 7) reported that 
A* fl«ofaari oan foraa both nitrate reductase and nitrite 
reductase. Sadana and MoElroy (126) purified and characterised 
nitrate reductase fr<» A* fiaofter;^ . The purified wisyae so 
obtained was strongly eolored and ahowed absorption bands at 
550 na, 520 xm and kl9 tm in the reduced state. Although 
a oertain asoimt of indirect OTidenoe (inhibitor studies) was 
obtained which indicated that tha terninal nitrate reductase 
froHi ^ . f la char 1 doea not contain iron porj^yrin* Sadana 
JBl£l*(3.27) further purified this enKyse i^ a aodlflad 
procedure. The purified ensyae ahowad no specific absorption 
peak except that of the protein in the Tioinity of 280 tm. 
The abaorptiosa decreased gradually over the entire near 
ultraTiolet and Tisible region with increa«ing wavelength 
indicating n«ae of the ahar'r^ ctariatica of a hiaea mnzym^. The 
ensyae was relatively uaatable and lost about 20% of its 
aatiTity on atorage at 4^C for 24 b. Oltracentrifugal studies 
of the purified ensyae indicated the presence of at least two 
ooBponenta* though it was not determined• which of the two 
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eoBpoawitc r«pr«««ntttd th« •nzya«. 
Th« urork presented in thla Ct^pt^r dtt»orlb«s • aodlfled 
proe«dur« for th« parlfieatlcm of 4* fJgchTl nitrats 
r«duot*»«. Th« sooood step in th« purification proe*dur« of 
Sadana §i, 2i,*(I27)» i««« pr^oipitaticm *t pB 4.5, was 
r«pl*o«d by 90$ awicmiiui sulfa to praoipitation, as considerabla 
mizymm loasos (60 • 70)() »oro obsorrod in this stop* Tho 
coluan ohr<»Atogrophy en oatioo-ozohango rosin Amborlito 
IlC-50 (Hiy^ f^ora) was oliainatod froa tho present proooduro. 
final pttrifiOAti<m of the ontjrat was oarriod out by a siapli* 
fiod prop&rstiTo polyaerylooiido gol oloctrophorosis. This 
has rosultod in obtoining an onsyas which is hoaog«noous 
in iho disc sol oloctrophorcsis with an oToroIl yiold of 
about 26$ aa ooaparod with 4.8jl» obtainod by tho prooodure 
of oadana and McElroy (126)»whoro tho onxyao obtainod vas 
also not hoaogonootts. Xho spocific aetiYity of tho onsyso 
w^s 218 ;|uiol nitrito foraod/ag protoin/h. 
Unloss othorwiso indioatod, all purification steps v^ ero 
oarrisd eat at 0 - 4^C. 
Xho froson oollSt 100 g wot waight, waro thawod ovsr* 
night at 4®C and oztraoti<m was oarriod out by osaotio lysis 
in cold distillod wator (1 g wat waight/20 al water). Tho 
suspsnsloa was stirrod for 30 ain* hoaogsnigod ir a Pottor> 
Elvohjoa glasis hoaogsnisor and stirrod again for 30 sin. 
Ths ooll-froo supornatant fluid was oollootod by high spood 
oontrlfugation in a SorToll HC->5 oontrifugo at 30,000 z g 
for 30 ffiin. The sodiaontod pollot was again suspended in 
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distilled wat«r (1 g »«t M«ight/15 «1 ««t«r), stirred for 
30 min, hosogenlx«d »nd o«Atrlfuff«d as t«for«. Th« totml 
vol«a« of pooled ertido oztraotsi ««« 3200 •! and eontalnod 416 
units of nitrato jrodttotaao «ot^€itjr. The spocifio aotlTlty 
•t this tttago »«8 t.05 and th« ratio of optieal density at 
260 na to th^ it 260 aa was 0*6. 
Sadana and HoSlroy (126) reported that although Best of 
the proteine were eztraetad by the first water lysis, the 
supernatant solution owitained little or no nitrate reduetase 
aotiTitj, The see<»id extract, obtained by resusp^Kslon of 
the first sediaent in water and oentrifuging, showed soost of 
the nitrate reductase aetiTity. 
The first orude extraot oontained moet of the nitrite 
reduetase aetiTity. It was therefore not possible to estismts 
nitrate reductase activity (which was deterained froa the 
aeouaulati^i of nitrite) in the first extract as whatever . 
nitrite was forced by nitrate reduetase got converted tc aeaonia 
by nitrite reductase. 
Nitrate reductase ean be heated for 10 sin at 50<^ C 
without any detectable los« in enr/aic aotlTlty* whereas 
nitrite reductase Xu coapletely inactivated inder these 
conditions. Therefore nitrate reductase activity was sf^ tiaated 
in first crude extraot after heating tbe aaBpl« at SO'^ C for 
10 mln. It was observed chat both th? extraots (flr.«t »ra 
second) contained alaos^ t the same units of nitrate reductase 
activity. 
The pH of the ooabined orude extracts waa adjusted to ?.k 
bjr ftA^lng 1«0 M KjHPO^ solution amd solid «aaoniu« sulfate 
was addod witto gontl* stlrriiig to th* oloar •taponuitant to 
bring it to 0«SK> satorAtion. llie quantitj of amonlua sulfato 
roquirod «»• oaleulatod «• Bcntionod ia "Katorialc and Methods*. 
Tt% •aaponsion ««• atlrrad for 30 ain and eantrifugad at 20,000 
X s for 15 ala in a Serrall fiC-5 eantrifuga, Tha aadlToant 
was fluapandad in 300 al of 50 all potaasiua i»hcsphata buffar, 
pM 7*0 and dialysad agalnat tha aaaa buffar OTarnight with 
thraa ehaagaa of teffar and taatad for ansyaa aativity Mid 
protaia. 2t la avidant froa Tabla 3 that vary little piarifi-
oaticMi is aehiavad bF this aathod but it halpad in radtaoing 
tha larga TOlOBa of tha oruda aztaraata for aaay handling la 
furthar parifioatiofi atapa. Tha ratio of optical danaity at 
280 na to that at 260 tm alightly Incraaaad froa 0.6 to 0.68. 
About 90)1 of tha aativity waa raeovarad in this stap. 
Tha aaaoniua aalfata praoipitata aontainad larga asounts 
of naelaie aoid* aa obsanrad froa tha ov>tioal dansity ratio at 
280 lUi to 260 na« and approxiiMtaly 10 ag protaln/al. The 
pH of tha anzyaa waa ad^uatad to 6.0 by adding 0*2 II aoatata 
baffar* pS 4.3« Tha protaaina aulfata aolutioa (15 ag/al, 
pB 5.0} waa ^aa addod to tha alaar supernatant froa tha 
saaoad atap to praoipitata nitrata raductaaa. Tha addition of 
protaaiaa aulfata waa aontinmad until no furthar praeipitatlon 
waa obaarrad. Oaually 30O al of protaaina aulfata (15 ag/al» 
pa 5*0) aolutioa waa raquirad to praoipitata aoat of tha 
nitrata raductasa aotivity praaant in tha axtraots froa 100 g 
(wat waight) of baoterial oalla. Ilia pr«oipltata waa colleotad 
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by 6«ntrifugatiosi * t 4.000 z ! • Th« oltmr «upernat«int which 
liftA ••rjr l l t t l « nl trat* rmAtxctmum aetlTlty was disoiird«d. 
Prot*aiin« attlfat«»pjr«eipitatttd ••dlaicnt from 9t*p 3 **• 
au«p«Qdttd in $0 a l of 0.2 II potacslua i^oaphat* bttffar. pSL 7 .5 , 
h«M»s»nis«d in « Pott«r»£lT«hJ|«ii cl«s« h<mogenif«r« st irred 
for 45 ain «n4 o«iitrifi2c«di at 14,000 x g. 7h« •z tmet lon 
«*• jr«p«»t«d 5 to 6 tiaoc in m mlmll^r iK^nner onfeil the final 
•straat shOMad nagl i t ibla nitjrata raductaaa a e t i v i t y . tha 
aztraota «i»ra aoabiaad* eantrifugad and tha inaativa praci-
pitata aaa disaardad. fha rat io of optieal dansity at 280 na 
to 260 EUi incraaaad frcMi 0.68 in tha aaoond atap to 1.0 or 
aora in tha phosphata aztraat* of tha prot&mina tulfata 
praeipitata. Thie stap pro^idas thraa fold purlfloation 
with 87J( r0ccni99f in tha aat iv i ty froa tha praTiou<) atap. 
Farthar purlfiaation of tha matrmm «aa aarriad out by 
fractional praoipitation with aaaoniua sulfata . The oonbinad 
phoaphata aztraota of tha protaaina sulfata praeipitata (260 a l ) 
froa atap 4 vrm brought to 0.60 aataratiaa by adding solid 
aaaoniua sulfate with gantla s t i r r ing . Th« suspension was 
oantrifugad at 14,000 z g for 30 aia in a sonrall oantrifuge. 
The sediaent was suspended in 28 • ! • 50 all potassitta phosphi^te 
buffer^ pfi 7.0 and dialfsed againat the sa«a buffer oYemight 
with three ehangas of buffer. No signifioant inaetivation 
of the ensyae was notioed during aaaoniua sulfate fraotionatlo; 
sinee 90)1 of the aot iv i ty was aooouatad in the Tarious 
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fraetionB. AtHmt X»6 fold pttrlfieatloa MAS obt»la«d in 
this «t«p and an 0T«Jrftll )r<*eoT«z<y of 65^ of oncyii* aetiTltj. 
Th« initio of 280 na to 260 na inerMiaod froa 1.05 la 
protaaiae aulfata aztraota to 1.60 in tha 0.0 • 0.60 
aatvration aaa^ ilvui tolfata fraatlon. Vo attaapt «aa aada 
to aaintain tha pH of tha aolatioo during tha addition of 
aaaoniua aulf»ta« 
Iha partially parifiad antyaa ol>tainad froa atap 5 
«aa fttrth«r parifiad (jy hydroxyl*P*^lta eoloan ehroautography. 
A oolaan (1.8 x 50 aa) was praparad aa dascribad in "Katarials 
and hathoda* and aquilltoratad with 50 aM potasaius phosph&ta 
bttffar* pH 6.0« Tha pB of tha angyaa was adjustad to 6.0 
by adding 0.2 II ae«tata baffar* pH 3*5i Juo^ bafora loading 
cm tha colaan. Approsiaataly 86^ ag of protsia etrntaining 
270 units of aitrata radactaaa aetiTity was loadad on tha 
ooluan. Iha OOIUMB waa washwl with tha mmnm baffar until 
tha washings did not sho^ * any absorption at 280 aa. Tha 
anzyaa aaapla was eolorod bafora loading on tha ooluan. 
Colorad aoaponants wara alatad during washing of tha ooluwn 
with 50 aM potassiaa phosphate baffar* pH 6.0. Approxia^taly 
270 ag of protain waa alatad during this washing. About 
400 al of baffar was raqoirad in oTd9T to eoaplataly wash 
down tha protaina alatad by this baffar. Tha eoluah was 
than washad with 50 all phosphata baffar, pB 7«0> until tha 
waahinga did not ahow any absorption at 280 aa. Hitrata 
raduotaaa aetiTity was not dataotad in this washing and 
approxioattaly ISO ag protain was alatad in this stap. Tha 
ta snv s io 
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oolinra was twtthmr ««8h«d with 0.1 if pho«i>li*t« b«ff«rt pB 7<0 
and •nsj'BM aetlTlty was dataetad aftar faw frttatlcms. Whan 
tha aniyaa aotlYlty atartad appaarlng In tha aXuata, th« 
anejraa »aa alutad with 0.2 II phoaph^tta b«ffar, pi 7*5 ^t a 
flow rata of 20 • 25 B 1 par h and tha aluata waa oollaotad In 
fraetlcma of varying roluaaa ranging froa 2 «X to 5 «!• 
Fig* 1 mncmm tha alotlon pattara of tha nltrata radnctaea 
aotlvlty and protaln. lh« fraotl<m8 wara dlalysad against 
50 mM iNntoaj^ fiata buffar, pS 7.0. Ultrata roduetasa activity 
and protaln eontant waa datarslnad In aach fraotlcm* Tlia 
aost highly aotlva fraatlons alutad froa tht aoltaon^ eontalnad 
30.6 Kg of protaln with 220 waits of anryae actlTlty 
rapraasntlng a spaolflo aatlvlty of 7*X9 ftnd a final ylald 
of 53jC. Mo slgnlflaant loss In tha activity on hydroxylapatlta 
chroaatographjr was ob^arvad. It was posslbla to aaeoant for 
alBost 98)1 of tha total activity In dlffarant fraetlons. 
th* o<»blnad dlalysad fraetlcma. obtalaad froa stap 6 
and aotttalnlag 30*6 ag of protaln* wars adjustad to pH 6,0 
by adding 0.2 K aaatata buffoTi pH 3*5 •»<! loadad on a sseond 
hydrooqrlapatlta aolaan (1 x 35 oa), sqalllbratad, davalopad 
and alutad as bafora. Pig. 2 shows tha alatloc pattara of ths 
nltrata radaotasa activity and protaln with 50 sM phosphata 
bttffar, pM 7*0. 0.1 M biaffar. pa 7*0 and 0.2 R buffar. pH 
7*5. Aboat 10 ag protaln was alutad by first thraa baffars* 
containing approxlaataly %0 ansyaa units. 'Tha angyaa waa 
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Final imrifi0«tlen of th« mnzymm to hoaras«a*ity ««• 
»ckil«T«d bj pr«p«r«tlT« polydorylaald^ gel •l«tetrophor«6ls« 
A 8lBplifi«d jproo«4i«r« of pr«par*tivo polyaerylaxitf* 
g«l •l«otrophor«fi)l5 of w<«dAfl»«nd Hiuiftln (171) ^*^» adopted for 
further pttrlfioatlon of n i trate reductaae. The apparatua 
tiaed for earryinc out the preparative eleetrophoresia reaeabled 
that deaoribed bjr OftTia (165) ooasleting of electrode Teasels 
provided with platintta eleotrodes. The oathode vessel was 
also provided with two glass Joints (19B) for a t t a ^ i n g the 
gel eoluans. Die electrophoretio eoloatn (1.2 x 10 os*) «ere 
f i l l e d with aorjrlaaide gel soltttltm prepared aooording to the 
prooednre desoritwd^sby Davis (165) and Cmstein (160). Fixed 
voloae of gel solvitioa (6*0 id) was ased for aaking gel 
eoluana. Gels were polyaerised us lag O.CMlJI aswoniiui per-
Bulfate. Besidual persulfate of the ge le , after their 
polyaerisation* was resoved bf passlag a current of about 
3 aA through the aolttsas for 4 h with oathode at the top of the 
coluan. fria-gljreine buffer* pH 8.3* i^ aa used for washing 
of the gel eolttsBn£ as well aa during preparative 
electrophoresis• 
The purified ensyae obtained after «eoaid hjrdroxylapatite 
oolUKn ohroaatograph^ was dialyged against tria*glyoine 
buffer• pti 8.3t for about 6 - 8 h with three changes of the 
buffer. The ensyse samples (2.5 a l ) eontaining 8.1 sf 
protein were aade 20% in sucrose and layered on the top of each 
coluan. Heotrophoresis was earried out at k^C at a 
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•3Eo«selv« hiMitiag. th« OOIOMM «t«r» k«p% law«i««d in lo««r 
tMith bttff«r« 
£tltr*t« rttdiiQt»s«, btting eolorl«S6^w«« not • l su« l ly 
d«t«etabl» imd I t «*• not oflisy to dooido tho t i»o of i t * 
•lutlon* Dorinc yrolialiiwjry nm, uador stiuadard oondlticma 
of s«l volWM. oarront, t«9p*rfttiur« and pH of tho buff or, 
tra^otlcna H«r« •oll«otod«y«rjr h* I t wa« dotornln^d thAt 
nl t i^to rodaotato ont/so was alutad aftar about 6 • 7 h 
of alaetrophoraaia. So aftar loading tha ansyaa aaapla on 
tha ooluaa. alaotrophoraais waa eontinuad for about 5 h 
without latarmptiBc i t . than tha apparattij> was switehad off 
and a piaoa of d ia lys i s aaokinv f i l l a d with 1.0 al of bath 
biiffar (Tris*ilyeina, pH 8.3) waa attaehad to tha lewar end 
of tha eolium. Trappad a i r bubblas. i f any, ^fmrm raaovad by 
introduein« a p last ic aapillary into tha dlalysia aaakinc 
by tha aids of tha ooluaaei and puahing tha aaaking upward. 
Tha alactrophorasis was o<mtinaad for 20 aia and than anothar 
d ia lys i s aaeking waa attaohad aftar raaoving tha f i r s t ona. 
In this way 10 to 12 fraations wara oollaetad at 20 ain 
intarvals and dialysad ovamight against 50 all |iioa]^ata 
bttffar, pH 7*0» with thraa ehangas of tha buffar* Cara waa 
takan to avoid aixing of tha ona fraatian with tha nazt 
fraotioti. tha fraotiona wara tastad for angyaa aet iv i ty and 
protain. Fraotiona having tha highast apaaifie aat iv i ty 
wara poolad and taatad for hoaoganaity. 
Tha parifle&tioft of tha mucyaa by praparativa gal 
alaatrophoraais haa baan rapaatad 4 to 6 t isaa with 
raproduaibla r e s u l t s . A sunuMiry of tha purifioation proe^dura 
'Hi 
i« «lT«n in Table 3. The yield of the finelljF purified 
cnsyae ie ebout 26jl (ivins 2*97 •« Pure protein from X9% g 
ieotcrlel eelle (wet weight) end on e protein taesie 
representa 2800 fold purifioftti<m* 1%te epeeifie aetiTity of 
tit engyae is 218 ^ MMOI of nitrite produeed per ag of nitrate 
redueteae per hour. 
Die hoa<^ eneitjr of the purified nitrate reduotaee of 
highest epeeifie aetiTitjr «ae esaalaed hy dieo gel eleetro-
I^oreeie in both anodio, pB 8.9 (165)• and oathodio. pH 4*3 
(166)• ejatea«« In both the aystone It revealed only one 
protein band (Fig. 3)« Ultrate reduotaae also nigrated aa a 
eingle protein band la 6, 8* 10 and ItH polyaerylaaide gela, 
at pH 8•9* <^y * single protein band of nitrate reduotaae 
waa deteeted in 8DS»gel eleetrophoreeia. 
After running the eleetrophoreaia^gel froa «&e of the 
tttbea waa used for detection of the protein band having 
nitrate reduotaae aetiTity. Ihe gid «aa rMtoved frMi the 
tube and ianediately iaaeraed in 10 al of a aolutioa 
o<aitaiaingi 0*07 M potaaaiua j^ oaj^ iate buffer. pH 7*0t 0«16 M 
MJiQy 8«5 ag beatyl viologen. 10 ag aediua dithienite and 
10 ag NaBCO., and ineabated for 5 ain at 30^C« ^ e gela were 
inaediately blotted and iaaexwed in a oold (4^C) aizture of 
2.5 al of 1% aulphanilaaide in 2*5 X HCl and 2.5 al of O.OIJI 
li*(l«>naj^thyl)*athyleoediaaine in distilled water. After a 
couple of ainutee a pink band appeared fen the gel. The 
position of the protein band eoineided with that of nitrste 
reduotaae aetivity band* 
Fig. 3 Disc Gel Electrophoretic Pattern of Purified 
Nitrate Reductase 
(a) Cathodic, pH 4.3 (b) Anodic, pH 8.9 
50 ^ g enzyme protein (specific activity 
218 ^ mol of nitrite produced per rag of 
enzjrme per h) was used for electrophoresis. 
M 
four diifi«r«nt ••thote w«r« vutmA tor %ho d«t«rsln«ti«a 
of «ol«ettX«jr ««ltht of tho jpurlfiod mnzymot 
^* i9^i%ml^l^f i f l tJLtflrgghWffIt 
Tho aoXoouXar voight was d«t«raiiiod 1^ polrftorylaBid* 
f« l oloetrophorosis •ooojrdinc to th« B«thod of Hodrlek and 
Saith (167). standAjrd jprotoins uid MUOHM (nitrato roduotast) 
nor* attbjoetad to olootvopiiorotis la a sajriaa of s a l t which '. 
•arlad in aorylaaJida eoaoantratias froa i • 19^. All othar 
oondltlona of alaetrophoraaia mw tha aaaa*(aaa "Matariala 
and llathoda*)« Undar thaaa o<Madltloc« protains migrata 
into tha gal aa a faaation of tha a i sa . eharca and tha 
aerylaaida eoae«»traticsri in tha gal* Plota of log ralatllra 
aobi l i ty , [lOO log (&• z 1002] , of Mrkar protaina (Borina 
•arua allmaiat apiuniar* 68,000» diaer 136«000» tri»ar 
204,000» oTalbnaint moaom^r %6(000* diaar 92.000, DMAaaa 1 
311000) varatia gal oaaowitratlcms rasaltad in a straight l ina . 
A l inear ralatlonahip aadlata ba^aan tha alopa of th«i« 
linaa and aoXaoalajr waight of tha protaina. fha raaalta 
with Aitrata radaotaaa and aarkar protaina ara praaantad in 
Pig* l^(a) and Fig* 4'(b)* Iha aolacular waight of tlia ansjraa 
oo«p«tad froa i t s alopa on tha aalibraticai oi»r^o was foond 
to ba 5'>.000 which agrasa azoallantly with t^iiDsa ebWfnad bjr 
othar aathods* 
An astiaata Of tha aolaoular waight of''i^«^H|iilll»aduct«8a 
waa a l so aada by i ta aigratioa in tha SDS-gals (169*170)• 
!Iha uisyiMt nitrata rsductasa was tr«atad with 1% &C6 for 
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Fig* 4* 3tt«rtiiAatloB of th« aol«eular ««l«itt of 
Felyaory'^ft^ite i« l •Ifotrophorvsls «ae OArri«# out la ttm 
«oia 3ro«« <4*0) ot 4 fliA )»«r tubt for 2 1/^ li« 71i« ra^tio 
(RH) of tho aicrmtios of tb* protein ba&<S to that of 
taraaoptwiiel Mti« for C^  89 10 and 12^ gel ooaeootratlos 
was 4otorfiino<9* t ^ ratio of oerylaaidt to aothyloat-
bioftorTlaad^o was kopt oontttaat at 50il* !^l4{r«ti3n of 
lnroaeplioi¥>l Moo and protein iKuiat vera aMiae<uro<$ on a 
illualaatod Imx laeln^ a a a t n l ^ n c glaaa* !C0a8tiro<^ E!te 
wore aeotirato to *, 0*5 «m* 
(a) Plots of 100 log (Ha x 100) of aarkar protolco irvratia 
fol eoBOOBtratlon are ehown* tlie atan^artf protoino u»o4 
«oz«t (A) dioxyrilioauelaaao If 31*000 (172}| (B) omluimliit 
46»000 (175)t (C) tevlBO aerua albuala, 68»000 (174)t 
(D) eiralbttaln dlaert 91»000t (I) bovljie atrua at%umin 
4iatrt 136»000t (F) ^vloe aenia alboaia trlaer« 2049000. 
In tbe eaae of deozpriboaoolaaao I t!ie poeltlQn of the aajor 
taa4 waa taken aa xepraaaatiag the l^ha^lour of the protein* 
In the laaert la the plot of 100 log (H« x 100) of nitrate 
rotflNiotaae veraoa gel eonoentration* 
(%) Thm BtfatlTe alope of eaeh protein f^o« Fi||* 4a waa 
plotted acalnat the aoleoular weifht* h atralfht line 
waa oVtainaa* 'he moleoulor weifht of nitrate re^etmooy 

















4-7 NITRATE REDUCTASE 
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Fig. 5. Molecular weight'determination of A_. fischeri nitrate 
reductase by SDS-gel electrophoresis: 
Relative mobility was plotted against log molecular 
weight of marker proteins. The marker proteins used 
vijere: {X) Bovine serum albumin dimer 1^6,000; 
2) Ovalbumin dimer 92,000; (5) Transferrin 76,000; 
4) Bovine serum albumin monomer 68,000; (5) Ova.lbumin 
monomer 46,000, 
-IS 
10 Bin mt 100^ b«for« bDS«8«I •l«etrophorMls • The Barker 
proteinfi i»«r« Ineabatcd for 10 ala at lOO^C with 1% 8Dt. 1% 
t-MB and 1J( lodoaeataal4a bafora aubjaetlns thas to SDS-sal 
alaotrophosraala • A plot of loc aolaoolar waight ifrMvm 
ralatlvo mobility of tha aarkar prctalcs jlaldad a straight llr* 
(Flfi. 5) and an aatlaata of Bolaoular waight of nitrata 
raduetaaa of S2.000. 
>• P«tarmlaati«an of muhanlt aatara by SI»>aal alaatrophoraaia 
Mitjrata jroAuotasa «aa traatod with (a) 1$ 8Dt, (b) 1% 
8h8, 1% 2-ilB and 1^ iodoaoatlnida at lOO^C for 10 «in and 
aubjaetad to 8l)S»cal aXaotrophoraaia* Tha mamrmm thowad 
only ODO protaia band on both tha trMttsanta. Tha aolaeular 
vaights. ooapatad froa Fig. 5« *M alao gaaa for both, 
eorraapoDdiag to aatlva protain* i.a, 52*000« Thia ii^leatad 
that nitrata raduetaaa ia eoapoaad of only ona polypaptlda 
chain baoftuaa it ahowad «tly ona protain band aftar 
oarboiiyattid^Bathylation of ita radttcad fojrai. 
Molaottlar waight of tha porlfiad nitrata radnctasa waa 
aatinsitod by tha nolaealar aiava ehroaatography aathod of 
Andrawo (160), A eoluan (1.5 z 100 ea) of Bio-Gal P-150 waa 
aquilibratad with 0.05 « phoaphata boffar, pH 7*0 at 4 ^ . 
Tha Toid voluaa (Vo) of tha oduaa waa aaaaarad with £laa 
Oastran 2000 (aolaoalar waight 2000 000). Tha ooluan wag 
oalibratad aalng fiva aarkar protaina, Tit.i (1) gamM-
globtain 169000, (2) aloohol dahydroganaaa 141,000* (3) 
bovina ••rvM albuain 60,000, (4) ovalbttain 46,000, (5) 





















Pig. 6, Molecular weight determination of A. fischeri 
nitrate reductase by gel'filtration on Bio-Gel 
P-150 column (1,5 x 100 cm) 
The marker proteins used were: (1) Qamma-
, globulin 160-000; (2) Alcohol dehydrogenase 
141,000; (3) Bovine serum albumin 68,000^ 
(4) Ovalumin 46,000; (5) Myoglobin 17,600; 
Yo, void volume; Ve, elution volume. 
Ye/Vo values were plotted against log molecular 
weights according to the procedure of 
Andrews (160). 
0 
Dlo*<r«l eol«an along with 2 ag of oaoh aarker piroteln. 
Oralbmla waa ohroaat^prapbad in a aaparata run with Bltt« 
Oaxtran. fiXution was parforaad with tha aaaa buffar and 
fraetlGOia of ab<mt 1 al i»9r9 eollaotad. Bovine aartu albualn, 
ovaXbttain* gaauaa-cXobulla wara datanlnad \3jf absorption at 
280 na* whUa ayoslobln aaa datanslaad ftt IK>9 aa. Enxyaa 
aet lTlt laa wmrm aasayad aa daaarlbad In tha taztt alcohol 
dahjrdrocanaaa ( A ^ ^ a i n / 0 . 1 a D i nitrata radaetaaa ( a ^ o l 
uc^ prodttcad/0.1 alAO • ! » ) • Bl«a Daxtraa waa aaaaurad at 
625 B"* tha altttl«a evolttaa <Va) for aaoh atandard protaln 
and aosyaa was aaleulatad froa tha aid point of tha packs. 
Tha altttlon •olaaa« M«ra found to ba raproduolbla. 
A plot of Va/¥e against log aolacular walght <Flg. 6) 
aaoordlag to tha proaadiara of Aadfita (160) cava a atralght 
Itnm moA aolaeular walght of a l trata raduetaaa* oaloulatikl 
froB tha eallbratloB eunre* aaa found to ba 57•000. 
5. w fU y^fl^ m m ^npmin <hm W * W j) 
KafHar protalns) and ansyaa wara ohroaatographad on 
Saphadax <3«200 aoluan <89 x 1*2 on) aa daaorlbad for Bio-Gal 
oolttan* Catalaaa aatlvlty waa aa^ayad aa daaorlbad In tazt. 
Iha sal filtration data of tha nltrata raduotaaa and aarker 
protalna of known aolaeular weight and st(Aaa* radii In tarns 
of kd» kav and Va/Vo ara praaantad la T»bla 4. ThB alution 
•olunea wara found to ba raproduolbla. A plot of Va/Vo 
Tartua log aolaeular walght (Fig. 7)» aeoerdlnf; to tha 
prooadura of Aadraws (160)» gaTo a atzalght Una and 
ladleatad that tha aolaeular walght of tha ansyaa waa 51•000. 
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Ve / Vo 
1-9 2-1 2-3 
Determination of molecular weight of A_. fischerl 
nitrate reductase by gel filtration on Sephadex 
G-200 column (89 x 1.2 cm). 
The elution data of Table 4 were employed. The 
protein markers used were: (I) Catalase 230,000 
(175); (2) Alcohol dehydrogenase 125,000 (175.); 
(3) Bovine serum albumin 68.000 (174); (4) 
Ovalbumin 46,000 (173); (5) Myoglobin -17,600 
(173). Ve/Vo values were plotted against 
log molecular weights according to the procedure 
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oth4ir ••titods* Tl!«r« mpp—^rm to b« no intaraietion b«tw«en 
tlM mnzfrn aod SophftAsx polys*och*jrld« aatriz b«t«Mio th«r« 
1« not Bueh <iiff«r«noo In aoleculAjr ««lght •«ltt«B doterwined 
on i3io*0«l and &«|>hAdom ooliuma. 
Th« Stokoa* JTttdltis for nltr*te r«dttctat« «• • ealcialatod 
froa i t * dictrlbHtltm oe«fflol«nt« kd «nd IWT «r»d tho poro 
radius t r* of Ma oolum. A pora radiua of 17*9 na for tha 
batoh of v^eptiadax G-200 vmmA «a» ealeulatad fros tha known 
Stokaa* radii of atandard porotaina (161 )• A l inaar 
ralatlonahip (Fig. 8a, 8b) waa obtainad whan tha axperiaantal 
data ara plottad acoording to Porath (162) and Laurant and 
XiXlaadar (163)* Tha val idi ty of tha ralatiortahip prcpoead 
bjr Aekara (161) ia avidant froa tha agraaaiK^t obtainad for 
tha valua of r uaing diffarant atandard protainS' Ttf 5toka8* 
raditia of nitrata raduetaaa vaa caloulatad by tha aathods of 
Aokara, Forath, and Laurant and Killandar. tha thrat sathodt 
yialdad s i a i l a r valuaa O.05> 3*2 and 3.05nB) with an 
aYara4;a of 3*1 aa* 
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Th« •niya* nltrftt* r«<lnet*i»« which OAt«(ljrs*« th« 
redaction of aitrato to nltrito has t>«eii studied la * Tarlety 
of orgmni&ma. It im» boon fyrlfiod to r&rying d«gr«es of 
purity tr&m diff«r«it ao«uro«« »nd soao of thca h«T« also 
b««n ohajraotorisad* 
Mltrat* roduetaso froa 4* ^i»e^gi >)•• t>««n pvrifiod 
to hooiogonoity MI ahoim bjr aiialjrtioal polyaorylaaid* 8«1 
•lootrophorosis and 5D8<-gol •laetro;i^or««ls. Tha porlflOAtlcm 
prooadura of ultrata raduetaaa waa a aodifloatlon of an 
aarliar proeadura (127) t ^ i^ d tha jrlald of tha purlflad ansyna 
obtainad waa highar. FraparatlTa polyaerylaalda gal 
alaetrophoraala waa vuiad aa tha fiaal atap for purifying tha 
ansyaa* th* ra«aat traodi for parifioation of tha aneyota is 
by tha ttsa of affinity ahroaatography and thia taohniqua haa 
ba«n u@ad for purifioaticm of nitrata raduetaeaa froa barlay 
laavaa and £• •ulaaria (179,180) uaing blua Daxtran-Agaroea 
aa mtrix and ^, braunii (181) oaing Blua-Sepharoaa aa aatrix. 
Tha aodifiad purifieati(» proewittra for 4. flaoharl 
nitrata raductaaa eoaaiata oft aztraetion by watar lyais^ 
eoneantration by aaa<»iitta aulfata^ prot&aina aulfata treattnant 
to ranova nuolaio aeida^ amaoniua aulfate fraotionation^ 
hydrozylapatita gal eoluan ohroaatography^ and finally^ 
purifieatioa by prapar^tiva polyaorylaalda gal alaotrophoraaia. 
Aa nitrate reduotaaa is oolorlaaa^ tha ansyaa ooold not ba 
Tiaualixad on the ooluam or on elution during elactrophortsis^ 
as was tifie oaaa with 4. fiaohay^ nitrate reductaae^ which being 
a heae protein ('^7) **^ colored. Therefore it was necessary 
r,3 
to atanterdlwi^ th« g«l l«ngth^ oiurr<int^  and tiB« for i t s 
•Xatiaa tnsm thm •olium »nd oolleotlon in th« 4i*ljrBl£ aaeic. 
Tb« • 9 » e m o aetlvitir of th« p«rlfl9d j^. f i y c h T i 
nltrat* r«dtteta«* ««t 3.65 jMol of a i t r i t * f or»«d p«r aln 
p«r as prot«in« HM siMielfle ftotlTlty -<)MBOI n l t r i t * font*d 
p«r Bill p«r ag prot«lB) of nl trato r9dttcta««« imrlflad froB 
other sottroo* ««r«i £• JBDonloua 0.057 (182) i £• ooa^BtB 
0.8 (120) I J2. tortiolB^tf 0 .8 i (10$)i lupin* root nodulo 
baetoroid 0*9 (183)i terloy loavoc 8 .0 (179)i spiiMch 
24.12 (185)1 k' SaSUk 125.00 (185) •nA jm^iftU fil^BUfit 
875 (186). 
l»itr«t« rodaotBBoa froa i£LS<IS£lt)iAfilSBSft ff^tffgi^ff 
(lfi8)^ A. WtMftfUiftyi (119) •nA £ . fffffrlnUfBff (187) 
««r« partlBlly piurifiod. la^cyacs fjroa sooo othor aouroos 
hBTo rooontljr boen purifiod to hoaosonooBS ttato^ Bftaaly 
froa A. braut^^ ( l 8 l ) and lupin* root aodula baetaroid 
(183). 7h» pur i f lad J^ . yiachaf^ al trata raduotaaa »aa 
hoaoganaoua in aaalytiaal diao cal alaetrophorasia and 
SCS-sal alaotrojj^orasis. In analytical polyaorylamida gal 
alactropliorasia tha protain band eoincidad with nitrata 
radttctaaa aat iv i ty band on tha ga l . 
Hitrata raduotaaa froa A* fiachari aho^ad an abaorption 
aaxiaua at 278 na in tha 0V ranga. Tha pratanea of aithar 
flavin or aytoohroaa in tha aolacula «aa axaludad. this ia 
rmry s i a i l a r to tha ancya* froa fywcyftj^p fiiflulana (186) 
whieh aheaad <mly « M paak in tha OV ranga at 273 Q* ^n^ thera 
«aa no othar paak in tha Tisibla ranga. Tha ansyaa purified 
froa apinaoh (19«>), fl. j4g|;Utt* (99), ! • 9^9% (38)^ 
A* b«>anii il^D ^n^ £• ^mljatria (39) showed th« pr«s«ne« of 
• eyto»hro»«. flie •nmym i^urlfiad froa £• yulgarlg (149)> 
li* ££«lift (78) *n(i i^ ffPff«JHl.yf tt^il^ilM (195) shOKod th* 
pr999no» of flavin In th* onsyao. 
Th« j8oXoouX*r wolght of |^ . fi»ch»ri nitrato reduotaso ««• 
d«t«rain«d by four dlfforont proe«dur«o and *n atrorage »ol«evl«r 
M«iSht of 54.000 was ••tiaatod. Sadana ji£ ajj^ . (127) obsarvad 
that tha hlfthly piurlflad 4. fiact»jpl nitrata raduotaca 
indioatad two e<»Bp«Mnt« in analytleal altraoantrifugal atudiea, 
a slow aoTlns fraatlMi t«ith an ^20 tf '^^^*' ®' *bottt 1.5 8 and 
a fastar aovlng ooaponant with an $20 « Talus of about 4.5 s. 
Bono. ..ru. .ll»»ln 1... «. Sj^ ,, of 4.5 8 « « • .ol.cul« 
wsight of 67*000 • Tha g^^ fisohari nitrata raduetasa aolacvdai' 
wsisht of 54,000 (aTsraga of four aathods. gal filtratlcm on 
Sai^ tadax 6-200 and Bio-gal P-150, polyaorjrlaaida gel elaotro-
phorasis and SD8->gal alaotrophoraais) would suggest that the 
fraotion with an s value of approximately 4,5 S (127) 
represents nitrate reduotase. 
fhe mnmywM fros lupine root nodule baeterold has a 
aoleoular weight of 67*000 (183)t !• jBSSSk^VM 70.000 (182)t 
4* nidnlans 75.000 (186)i £, parfr|.ns:£n>s 90.000 (187) and 
A* calooaoetions 96.000 (119)* The saall sise of thess nitrate 
reduotases and that froa 4. fischayi is in striking contrast 
to the nitrate reduoteses obtained from higher plants and SOBS 
other organisas. nie spinaeh enejrae has a aoleoular weight 
of 500.000 (189)I aoybean 330.000 (190) and 4. brauni^ 
#60.000 (181). Kitrate reductase fron §, ool^ (122) has an 
s^ 0 y value of 25 8 and corresponds to a aoleoular weight of 
about 1.000.000. 
r,r) 
Kltrftt* r«dttet«««s ttcm dlff»r«nt •oure«« eh^* a vide 
T«rl«tloa in th«lr BOI*«iiXAr aubttnit atrnetiira. OarboiTMii-
domttiyXation of th« raduoad term of nitrata rodaeatMie froa 
A* ^i«o*^»gi OB 8D8-fal alaotrophoraais • • • • ona protaln band, 
bavins aaiM aolaeulajr walsht aa tha nativa mnmrw, indleatlng 
that tha antyaa la ooaprlaad of a aln«la polypaptlda chain. 
In th i s raapaot tha 4 . fiachay^ ansyae raaaablaa tha ansyaaa 
fr^i Si* ParfginaaBa (X87)» &• ifip<mieiui (182) and ^. i^ida^ana 
(186). On tha othaj^ndj tha £• v a ^ g j ^ (191) aativa angyaa 
taaa thraa idantiaal attbimita of 100*000 aolaoulajr walght. fha 
anzyaa fr<» &• fl^tiftia (99) has a aolaotaar waicht of 230,000 
and o<mBista of two aubnaita of 118*000 dalton. Tha amyna 
froai ^. eraaaf (192) i« eoapoaad of two attbvnita oorraapondinc 
to aolaottlajr waighta of 115*000 and 130*000* Tha protaolytlo 
••PPins and N-tarainal aaino aoid analysis indicatad that tha t«< 
subttoits ara aiailftr (198) • Tha jraapiratory anxyae froa &• 
liohaniforaia gava two^dissiailar subonita toTing aolacular 
aaighta of 150*000 and 57*000 prasant in aquiaol«tr rat io (193)• 
Tha nitrata raduotasa of jj^ . byyunii i s ooapoaad of sight 
idantieal subimita of 58*000 aolacular waight (181). I t aaens 
to ba paottliar in this raapaot aa ooaparad with othar nitrata 
radttotaaas* 
^ * A* fiachari nitrata raduott^a gsTa a btokaa* radios 
of 3*1 &> which i s vary eloaa with tha Talita of 3*2 na raportad 
<'<"' A* F^^j^^tni (186). The ansyaa froa othar 9<Mnxmm ahowad 
wide variations in thair Stokas* radiit 4 . brannii (181) 9*8 
n*i £• altttinia (99) and j | . oraasa (192) 7*0 nai Spinach 
(184) 6.0 nat £• TtUlfffflt (191) 8.9 na* The nitrata reduet&sa 
froa J|. aphaaroidaa ahowad Stokas* radius of 4.1 na having 
aolacolar weight of 100.000 (188). 
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